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NOMENCLATURE 
The nomenclature recommended by the I . U. P . A.C* 
is u sed . Pyr i midine and s - triazolopyrimidine ring 
systems are numbered as shown : 
4 
Pyrimidine 
5 
s-Triazolo[4 , 3- a )pyrimidine s-Triazolo[l,5 - a )pyrimidine 
* As defined in : "Nomenclature of Organic Chemistry", 
Sections A and Band Section C (I . U. P . A. C ., Butterworths , 
London , 1966 , 1965 respectively) . 
V 
7 
s-Triazolo[4,3-c]pyrbnidine s-Triazolo[l,5-c]pyrbnidine 
6 
5 
s -Triazolo[4,3-a :4 ' ,3'- c ]py rimidine 
6 
5 
s-Triazolo[4,3-a :l' ,5'- c ]pyrimidine 
vi 
6 
5 
s - Triazolo[l , 5- a : 4 ' , 3 '- c ]py rimidine 
6 
5 
s -Triazolo[l , 5- a :l ' ,5 ' - c ]pyrimidine 
vii 
SUMMJ\RY 
The Dimroth- like rearrangement of s -triazolo-
[4 , 3-a]pyrimidines in acid or alkali has been used 
fairly widely as a preparative route to the isomeric 
[1 , 5-a] series. The treatment of pyrimidin-2 -
ylhydrazines with acylating agents such as orthoesters 
under appropriate conditions was used to prepare 
s-triazolo[4 , 3-a]pyrimidine and its derivatives bearing 
alkyl or aryl groups at the 3-, 5- , 6-, or 7-position . 
These compounds rearranged in acid or alkali to give 
the corresponding s - triazolo[l,5- a ]pyrimidines . Rates 
for such isomerization in alkali increased steeply in 
the range pH 10-12 . 5; in acid , they reached maxima at 
pH values corresponding approximately to the pK of each 
a 
substance (in the range pH 1 . 5 - 2 . 5) and fell off on both 
sides . The rearrangement of s-triazolo[4,3-a ]pyrimidines 
consisted of two distinct reactions, ring-opening and 
ring-reclosure . The disappearance of s-triazolo[4 , 3-a ]-
pyrimidines and appearance of s -triazolo[l,5-a ]pyrimidines 
was evident in the change of ultraviolet spectra; plotting 
this change at a convenient wavelength against time gave 
the half-time ( tk ) for the isomerization. 
2 
Moreover, the 
existence of isosbestic points throughout the reaction 
suggested that only two light- absorbing species were 
present , thus virtually excluding any appreciable build-
up of intermediate; hence the rearrangement consisted of 
a relatively slow (rate-determining) ring-fission 
followed by a relatively rapid reclosure . The rate of 
viii 
rearrangement of the pare nt compound was affected 
profoundly by substitution: the addition of a 3-methyl 
substituent produced a half-unit increase in pK and an 
a 
appreciable decrease in the rate of rearrangement; in 
contrast, an electron-withdrawing 3-phenyl group lowered 
the p Ka and slightly increased the rate. When alkyl 
group(s) were attached to the pyrimidine ring of the 
parent compound, rates decreased markedly; 5-methyl 
derivatives were especially slow, e . g . 3 ,5, 7-trimethyl-
triazolo[4,3-a ]pyrimidine rearranged 2500 times more 
slowly than the unsubstituted heterocycle at pH 11.3. 
The isomeric systems were distinguished easily by their 
u.v. and p . m.r . spectra. 
Simple pyrimidin-4-ylhydrazines and orthoesters 
were used in combination to give N-ethoxyalkylidene-N'-
pyrimidinylhydrazines and thence s -triazolo[4,3-c ]-
pyrimidine and its 3-, 5-, 7-, or 8-alkylated derivatives. 
In glacial acetic acid, these underwent rearrangement into 
the corresponding s-triazolo[l,5- c ]pyrimidines via the 
acylaminoalkenyltriazoles; in aqueous buffers, such 
rearrangements stopped at the triazoles except in the 
presence of an (initially) 7-methyl group, which 
stimulated completion of the sequence . Thus, in contrast 
with the smooth Dimroth-like rearrangement of s -triazolo-
[4,3-a]pyrimidines into their [1,5-a ] isomers, rearrange-
ment of the s-triazolo[4,3-c]pyrimidines into their 
[1 , 5-c] isomers was complicated by the relative stability 
of the intermediates. The first-order ring fission, 
ix 
s-triazolo[4,3-c]pyrimid i ne + N-{2 '-( s-triazol-3"-yl) 
ethylidene]formamide, had a min imal rate at c . pH 8, 
increasing sharply with acidity or alkalinity; at pH 5, 
the rate doubled for every 12-13°c rise in temperature. 
At first sight, it appeared meaningless to compare such 
rates for fission of the triazolo[4,3-c]pyrimidine with 
those for the complete rearrangement of s -triazolo-
[4,3- a ]pyrimidine. However, in the latter reaction it 
has been pointed out that the initial ring-fission to 
the intermediate, was the rate-determining step. Hence 
it was legitimate to compare both sets of results. It 
emerged that both reactions were acid and base catalysed 
although the parent triazolo[4,3-c]pyrimidine underwent 
hydrolytic fission c . 175 times faster than its 
[4, 3-a ] isomer at pH 3 and c . 5 times faster at pH 11. 
The ring-fission step was retarded markedly by 5- and/or 
8-methyl groups but was accelerated slightly by 3-
and/or 7-alkyl groups. The much slower ring-fission 
of triazolo[l,5-c]pyrimidines to the same triazoles was 
retarded by 2-, 5-, or 8-alkylation and precluded 
totally by a 7-methyl group . Again, the u.v. and 
p.m.r . spectra afforded a ready means of distinguishing 
members of the three series . 
In extending this work on simple bicyclic 
s -triazolopyrimidines to the tricyclic bis-s-triazolo-
pyrimidines, a meagre and confused literature was 
encountered . However synthetic routes have now been 
developed to the following compounds of unequivocal 
X 
structure: the parent bi s - s -triazolo[4,3-a :4' ,3'- c ]-
pyrimidine and its alkylated d er ivatives; 5-methyl-
bis- s -triazolo[4,3-a :l' ,5'-c]pyrimidines; and 5-methyl-
bis-s-triazolo[l,5-a :4' ,3'-c]pyrimidines. Thus, of the 
four possible bis-s-triazolopyrimidine systems, only the 
[1,5-a :l' ,5'- c ] system remains without known examples, 
mainly because of the stability toward rearrangement 
shown by the [4,3- a ] and/or [4,3- c ] five-membered rings 
in the systems already prepared. Attempts to c yclize 
4,6-dihydrazinopyrimidine with acylating agents gave 
several interesting mono- and bi-cyclic products, but 
no tricyclic material. 
Treatment of s -triazolo[4,3-a ]pyrimidine-3(2H)-
thione and 5,7-ctimethyl- s -triazolo[4,3- c )pyrimidine-
3(2 H)-thione with 2-chloroacetamide or 2-bromopropion-
amide led to 2-( s -triazolo[4,3-a ]pyrimid in-3'-ylthio )-
acetamide, 2-( s -triazolo[4,3-c ]pyrimidin-3'-ylthio~ 
acetamide, and their homologues, all of which underwent 
Dimroth-like rearrangement to their resp ective [1,5-a ) 
and [1,5- c ] isomers and their homologues. The above 
compounds showed appreciable activity as amplifiers 
of phleomycin against Esch e r ichia c o l i . 
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CHAPTER I 
GENERAL INTRODUCTION 
I-1 Preamble : the Dimroth Rearrangement 
The long - suspected mechanism for methyl group 
"migration" from nuclear to extranuclear nitrogen 
atoms in heterocyclic compounds , was confirmed 
experimentally for the first time in the pyrimidine 
series (Goerdeler and Roth, 1958 & 1963; Brown, 1961). 
The term ' Dimroth Rearrangement' was used first 
in 1963 as a convenient way of referring to an 
isomerisation , whereby a ring-nitrogen and its attached 
substituent exchanged places with an imino (or pote ntial 
imino) group in the a -position to it. 
I-2 Historical Note on the Dimroth Rearrangement 
The apparent migration of substitue nts in hetero-
cyclic compounds , usually from nuclear to extranuclear 
nitrogen atoms , was first reported in the s -triazine 
(I.l) by Rathke in 1888. Later, Dimroth (1909 , 1910) 
suggested that mechanism for the isomerisation of a 
1. 
series of 5-amino-l-aryl-1,2,3-triazoles to 5-arylamino-
1,2,3-triazoles, involved a ring-fission followed by 
rotation and recyclisation. However , most of the examples 
of Dimroth rearrangement followed two independent reports 
in 1955 (Carrington et al ., Brown e t al .) of such 
rearrangements in the pyrimidines (I.3) and (I.4) . 
ln . 
( I. l) 
( I. 2) 
NH NHMe 
Xe PhHN()R PhHN N R 
( I. 3 ) 
( I. 4) 
This mechanism has b e come accepted for similar 
rearrangements (I.5) ~ (I . Sa) in a wide variety of 
heterocyclic compounds. It was proven in one case 
by Brown (1961) and Goerdeler and Roth (1963) . 
2-Chloropyrimidine was allowed to react with ammonia 
t 
. . 15 . 2 . con aining N, to give - aminopyrimidine (I .6) 
2. 
isotopically labelled on the exocyclic nitrogen. This 
was methylated and the derivative (I.7) was allowed to 
rearrange (via I.8) in alkali. The resulting methyl-
aminopyrimidine (I.9) was hydrolysed to 2-hydroxy-
pyrimidine (I .1 0) and methylamine collected as a salt. 
Each product was burned , and only the residual nitrogen 
f h . . d. h d 
15 
. 1 rom t e pyrimi ine s owe N enrichment on mass-spectra 
examination : thus the exocyclic nitrogen atom had been 
incorporated in the ring during rearrangement . 
The original definition of a Oimroth rearrangement 
(given by Brown, 1968) was "an isomerisation proceeding 
by ring fission and subsequent recyclisation, whereby a 
ring nitrogen and its attached substituent exchanged 
places with an imino (or potential imino) group in the 
a-position to it". Adherence to this definition would 
preclude many of the examples discussed by Wahren (1969); 
in fact, the terms Oimroth or Dimroth-like rearrangement 
are now used in a much wider sense to cover any 
heterocyclic isomerisations which proceed by ring 
fission and recyclisation . 
2a . 
0-Nim 
N 
(I. 5) (I.Sa) 
CJNH ,.. ONH ,. ~N HOHC /1 ~* 
2 HN NH 
Me I Me 
( I. 6) (I. 7) (I. 8) 
* * 
( I. 9) ( I.10) 
(1.11) (I.1 2) 
I-3 Rate Studies in the Py rimidine Series 
I-3-A Simple iminopyrimidine s and the effect 
of variation in the N-1 substituent 
3. 
The symmetrical structure of the pyrimidine nucleus 
permits of two isomers with an a -orientation of C-imino and 
N-alkyl groups, and therefore susceptible to Dimroth rearr-
angement . These are exemplified in 1,2-dihydro-2-imino-l-
methylpyrimidine (1.13, R=Me) and in 3,4(1,6)-dihydro-4(6)-
imino-3(1)-methylpyrimidine (1.16 , R=Me) . The other isomeric 
imine , containing a y -disposition of imino and N-alkyl groups, 
does not undergo the reaction: when submitted to the condit-
ions of rearrangement, simple hydrolysis of the imino 
function occurs. 
Brown and Harper (1963) observed the progressive change 
of the free imine (I.4) into 2-methylaminopyrimidine by a 
spectrophotometric technique: the rearrangement consisted of 
two distinct reactions , presumably ring- opening and reclosure . 
The susceptibility to rearrangement of each iminopyrimidine 
was expressed simply as the time for half the initial imine 
to disappear (tk ) under standardised conditions. This figure 
2 
was obtained by plotting against time, the change in ultra-
violet spectrum of the free base , most conveniently at a 
wavelength (c .350 nm) where only the imine absorbed. 
the spectrum of 1,2-dihydro-2-imino-l-methylpyrimidine 
Thus 
changed progressively until after several hours it approxim-
ated to that of authentic 2-methylarninopyrimidine except for 
a minor flat peak at c . 270 nm . Disappearance of the imine 
(1.13, R=Me) proved to be a reaction of the first-order 
with t k = 114 min. 
2 
0 (pH 14; 25 ) . The formation of 
4. 
2-methylaminopyrimidine , represented by the rise of the 
peak at 306 nm , occurred at a simila r rate (t½ = 108 min . ) , 
t hu s precluding an appreciable b ui l d up of the intermediate 
(I. 1 1) . This , coupled with the fact that the rapid 
r eaction technique gave no indication of an initial fast 
reaction , showed that the rearrangement here consisted 
o f a slow (rate- determining) ring fission followed by a 
relatively rapid reclosure . While examining the same 
reaction at lower alkalinity (pH 1 1 . 5) , Perrin and Pitman 
(1965a) were able to isolate methylamine and 2- hydroxy -
pyrimidine . This was interpreted as evidence that the 
reaction proceeded through an acyclic intermediate (I . 11). 
Competing with ring-closure to 2- methylaminopyrimidine , 
was hydrolysis of this guanidine derivative to give 
methylamine and a substituted urea (I.12) , which lost 
water to give 2- hydroxypyrimidine (I.10) as a by-product . 
The rearrangement rates for l - alkyl-1 , 2- dihydro - 2-
iminopyrimidine increased with the size of the alkyl 
group (Tab l e I - 1 ). As there could be little difference 
in the electron-donating properties of such alkyl groups , 
this appreciable difference int~ was attributed to a 
2 
steric factor discouraging reversal of the initial 
reaction , imine ++ acyclic intermediate (Brown and Harper , 
19 63 ). Inn new series , Bro wn and Paddon- Row (1967a) 
showed t hat the 1-alkyl , 1 - 2 '-hydroxyethyl , and l - prop-
2 ' -ynyl analogues , which bore electron-withdrawing groups 
of a steric bulk comparable to that of a propyl group , 
caused an acceleration of rearrangement . This was 
4c.1. 
'J'oble I-1 Rearrang e ment Rots with Various N-1 
Substituents in the 2- and 4- Iminopyrimidines (pH 14; 25°) 
Parent System 
R 
(I.13) 
( I.14) 
Substituents (R) 
Me 
Et 
Pr 
Bu 
Hp 
- CH 2CH=CH 2 
- CH 2 C::CH 
-CH 2CH 20H 
-CH 2Ph 
-CH 2c 6H4N0 2 (2) 
Me 
- cH 2CH=CH 2 
-CH 2C::CH 
10.75 
10 . 9 
10.9 
10.9 
10 . 9 
10.5 
10 . 0 
10 . 5 
10 . 2 
9 . 6 
11. 6 
11. 2 
10 . 4 
a tx, min. 
2 
114 
63 
55 
58 
57 
36 
23 
8 
166 
133 
22 ; 25 b 
BroNH Me Et 9 . 95 10 . 2 
(I.15) i 
NH 6R 
(I.16) 
Me 10.0 
a . Disappearance of imine . 
b . By PMR spectroscopy . 0 
c . For appearance
0
of product at pH lt, .2 and 20 . 
d . pH 14 and 20 .1 . e . pH 12 . 2 and 20 
s. 
accordingly attributed purPly to the electronic effect; 
the same applied to the 1-p -nitrobenzyl derivative, which 
rearranged more quickly than the 1-benzyl derivative. 
Rates for the homologous 4,6-dimethylpyrimidines (1 . 14) 
(Brown and England , 1967) and 5-bromopyrimidines (1.15) 
have been explained along similar lines (Pitman, 1965). 
The parent iminc, 1,6-d i hydro-6-imino-l-methyl-
pyrimidine (1 . 16 , R=Me), underwent Dimroth rearrangement 
at pH 14 and 20 . 1° with a t k of 16 min . i . e . twelve times 
2 
faster than its isomer (1.13 , R=Me) under similar 
conditions (Pitman, 1965; Brown and England , 1971). This 
confirms the impression, based on very meagre evidence 
from the rearrangement of 4-amino-1,2-dihydro-6 - imino-
l-methylpyrimidine and related compounds (cf . Brown, 1968) 
that 4(6)-iminopyrimidines may rearrange more easily than 
the corresponding 2- imines . 
I-3 - B The effect of electron-donating C-substituents 
Addition of electron-releasing alkyl groups , at the 
4- or 5-position of 1 , 2-dihydro- 2 - imino- l-methylpyrimidine 
(I . 17) led to a rise in basic strength and a slowing of 
rearrangement (Table I-2). Such electron enrichment, in 
overcoming to some extent the polarisation of the 1,6-bond , 
discouraged ring fission and became apparent as a decrease 
in rate of rearrangement (Table I-2) (Brown and Harper , 
1963 ; Brown and England , 1971 ; Brown and Ienaga , 1974) . 
On the other hand, addition of ~-alkyl groups at 
the 6-position of such an imine induced a much more rapid 
5a . 
Tab l e I - 2 Rearrangement Ra te s in t he Pre s ence of Electron-
donating C-Substituents 
Parent System Substituents 
Cl I Nil 
Me 
4 - Me 
5- Et 
6- Me 
4 , 6- diMe 
pK 
a 
11.10 
11. 45 
10 . 86 
11. 56 
4 , 6-diMe - 5- Pr 12 .2 
(I.1 7) 
NH Cre 
(1. 1 8) 
NH 
II 
--r.-/4"--_ NMe (~ ,; 
N 
(1.19) 
4- Me 2N 
4 , 6-diNH 2 
2- Me 
2 - Et 
2- Pr i 
4-Me 
4- Pr i 
5-Me 
5- Et 
5-Pr i 
2 , 4- diMe 
2 , 5- diMe 
4 , 5- diMe 
4 , 5- diPri 
2 , 4 , 5-tri.Me 
4- NH 2 
n=3 
n = 4 
13 .7 
>12.7 
10 . 04 
10 . 35 
10 . 05 
10 . 32 
10 . 08 
10 . 56 
9 . 82 
9 . 86 
9 . 86 
11. 01 
1 0 .1 4 
10 . 76 
10 . 35 
10 . 88 
10 . 45 
10 . 34 
>310 
196 
20 
166 
178 
'v 2000 
00 
29 
150 
54 
97 
45 
94 
2160 
2700 
5400 
103 
3600 
42 
5880 
4200 
15 
360 
4 . 7 
36 
pl! Temp . (°c) 
14 
14 
14 
14 
25 
25 
25 
25 
14 . 3 25 
14 
14 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
13 
13 
13 
25 
25 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
70 
20 
20 
20 
20 
70 
70 
rearrangement than that of i ts 1 ,4- or 1 , 5-dialkyl-
isomers or their homologues. No rat ional explanation 
could be offered at the time (Brown and Paddon-Row, 1967b). 
However , it might be reasonable to consider that, as the 
rate determining step was ring fission, a steric factor 
associated with A.H 2o discouraged reversal of the 
equilibrium [imine (A) ++ acyclic intermediate (B)] 
just as did a large N-1 alkyl group . 
(A fast B 
The addition of a ~-alkyl group at the 5-position 
of 1 , 6-dihydro-6-imino-l-methylpyrimidine (I . 18) caused a 
marked slowing of rearrangement . The relative effect of 
i individual groups was 5-Pr > 5- Et > 5-Me . The addition 
of a 4- or 2-alkyl group caused much less slowing 
( <6 fold). Brown and Ienaga (1974) reported that the 
marked effect of a 5-alkyl group was due to a combination 
of (a) mesomeric electron- enrichment at C-2 which 
discouraged HO- attack, probably the first step in 
6 • 
Dimroth rearrangement; and (b) steric hindrance to the 180° 
rotation about the 5,6-bond (I . 20 I.21), a necessary pre-
liminary to non-reversible recyclisation to the aromatic 
pyrimidine . The importance of the latter factor was 
confirmed in appropriate molecular models and it was 
consistent with the particularly large effect of an 
isopropyl group. The relatively minor effect of a 4-alkyl 
group on rearrangement appeared to arise from minimal 
NH Rt' ~NHMe 
R2 ~C (OH) R3 
N 
(1.20) 
NHMe 
R NH 1 ~ 
R2x # C(OH)R3 
N::r 
(1.21) 
mesomeric and inductive effects on C- 2 coupled with 
the lack of any steric factor . In contrast , the 
similarly minor effect of the 2- alkyl group seemed to 
be the result of several competing factors: 
(a) inductive electron- enrichment at C-2 ; (b) steric 
hindrance to hydroxyl ion approach ; (c) 1 , 2- bond 
instability from crowding in the N-1/C-2 area following 
hydroxylation ; and (d) steric accentuation of the 
required conformation (I . 20) in the equilibrium 
(I. 20 ===- I. 21) . 
Although the tetramethylene derivative (1 . 19; n=4) 
rearranged satisfactorily , its trimethylene homologue 
(I.19; n=3) did so eight times faster . Molecular 
7. 
models indicated that two factors were probably involved: 
(a) the mild strain introduced by annelation of the five 
(but not the six) membered ring, tended to elongate 
(destabilize) the 2 , 3-bond ; and (b) after fission of the 
2 , 3-bond , there was less steric hindrance to the necessary 
rotation about 4 , 4a-bond in the intermediate from (n=3) 
than in that from (n=4) . 
I-3-C The cff ct of <·l cc tron-
withdrawing C-substituents 
The addition of electron-withdrawing groups to 
iminopyrimidines accelerated their rearrangement. Such 
substituents further depleted the already-deficient 
TT-electron layer of the pyrimidine ring and thereby 
enhanced its tendency to ring fission . 'l' he accelerating 
effects of electron-withdrawing groups on the rearrange-
ments of imines are summarised from several sources in 
8. 
Table 3. Perrin and Pitman (1965b) reported the measure -
ment of rate constants for ring-opening and for recycl-
isation in the 5-halogenated imines. The 5-alkyl- and 
"unsaturated-alkyl"-pyrimidines (Table I-3), constitute 
a series in which size varied little but electronic 
character varied from electron-donating to electron-
withdrawing. Their rearrangement rates reflected this 
(Brown and England, 1967). The powerfully electron-
withdrawing cyano substituent in 5-cyano-1,2-dihydro-2-
imino-l-methylpyrimidine (I.26, R=H) caused such rapid 
ring-fission in alkali that the pK could not be measured, 
a 
even using rapid-reaction techniques. A normal rearrange-
ment to (I.28, R=H) occurred in aqueous ammonia (pH 9) but 
in stronger alkali (pH 14), which was the usual medium for 
such reactions, an abnormal recyclisation was observed to 
give the aldehyde (I.29) (Brown and Paddon-Row, 1966). 
This product then underwent a slower and again abnormal 
rearrangement to the amide (I.30). The formation of the 
abnormal product was encouraged by hydration of the formyl 
function of the intermediate (I.27, R=H) in strong alkali. 
Table I-3 Rearrangement Rates i n the Presence of 
Electron- withdrawing C-Substituents 
Par ent System 
(I.22) 
(I. 23) 
(I.24) 
(I.25) 
Substi tuents 
5-Cl 
3-NO 2 
5- NO 2 
5-Br 
5-Cl 
5-I 
5 - CONH 2 
5-Cn 
13 . 25 
12 . 3 
9 . 0 
9 . 3 
9 . 95 
10 . 2 
10 . 2 
9 . 1 
5-Pr 12 . 2 
5-allyl 12 . 0 
5-(2 '-propynyl) 11 . 55 
5-(1 '-propynyl) 10.9 
5- CONH 2 
5-CN 
5-Br 
10 . 2 
< 9.4 
11. 0 
ca . 12 .7 
t . a l-.: ' min 
2 
00 
00 
7 . 5 
14 . 0 
178 
157 
109 
64 
26 
0 . 1 
26 
< 0 . 1 
C 
pH 
14.0 
14.0 
14 . 0 
14 . 0 
12 . 2 
12 . 2 
12 . 2 
14 . 0 
14 . 0 
14 . 3 
14 . 0 
14 . 0 
14 . 0 
14.0 
14 . 0 
12.0 
14.0 
0 Temp . C 
25 
25 
20 
20 
20 
20 
20 
25 
20 
25 
25 
25 
25 
25 
25 
20 
20 
a . Time for half disappearance of imine ; corrected where 
necessary for% cation present . 
b . Time for half appearance of product . 
c . Abnormal product formed rapidly . 
Ba . 
NC)C 
R ','NJNH , 
I 
Me 
(I.26) 
R 
NC@ ON 
R N~NHMe 
(I.28) 
OH 
H+ 
fast pH 9 
(R=H) 
slo pH 14 
NC 
0 
N 
HNJL NH2 I R Me 
(1.27) 
fast pH 14 
(R=H) 
(I.29) 
( I. 30) 
Sb. 
9 . 
In contn1"'t , the intcrmcdi t1l:c (I.27 , R=Mc) in the 
isomerisation of the 4 , 6-dimethyl homologue (I.26 , R=Me), 
being ketonic in character, was not so subject to 
hydration and he~ce rearranged predictably . 
I-3-D Re versible rearrangement 
in the pyrimidine series 
The rearrangements of the iminopyrimidines so far 
considered , furnished formally aromatic isomers which were 
stable towards ring fission. However, in l-alkyl-2-
alkylimino-1,2 - dihydropyrimidines this is not so. Thus 
(a) when the alkyl groups were the same (Table I-4, R=R1=Me), 
rearrangement in aqueous alkali simply led to the 
equilibrium (A) ~(B) (Perrin and Pitman, 1965b); 
(b) when the alkyl groups were very different , e . g . 
(A) ; 1 R=CH 2
Ph , R =Me, rearrangement appeared to proceed 
only in the direction (A) + (C), thereby accommodating the 
larger group on extracyclic nitrogen (Brown and Harper , 
1965) ; and (c) when the alkyl groups were close in size, 
appreciable amounts of both isomers were found at 
equilibrium : actual ratios were reported by Brown and 
Harper (1966) using an n.~ . r . spectral technique . The 
results for several examples are shown in Table I-4: it 
seems evident that the ratio was as dependent on the 
relative electron-withdrawing or r e leasing ability of the 
alkyl groups involved , as on their size and shape . 
Briefly , in a l-alkyl-2-alkylimino-1 , 2-dihydropyrimidine , 
the equilibrium in alkaline solution favoured the isomer 
having the bulkier and/or more electron-withdrawing alkyl 
group attached to extracyclic nitrogen . 
9a . 
Table 1-4 
rN 
OHC ) 
RH NHRl 
( A) (B) ( C) 
Equilibria for reaction 
(A) ~ (C) 
Imine initially present (R,R1 ) Isomeric Ratio 
R 
[ (A) ] ( % ) 
[(A)]+((C)] 
(A) Et Me 40 
(C) Et Me 50 
(A or C) Bu Me 30 
(A or C) PhCH 2 Me 5 
(A or C) PhCH 2 Pri 10 
(A or C) Allyl Pr 25 
I-3-E Mechanism of t he Dimroth r earra ng e ment 
At this stage, it may be taken a s axiomatic that 
the Dimroth Rearrangement involves ring fission, 
rotation, and recyclisation: the overall reaction rate 
10. 
is increased if the 1-methyl group is replaced by a 
larger alkyl group and even more if electron-withdrawing 
substituents are inserted at position-5 in the pyrimidine 
ring; conversely, insertion of an electron-releasing group 
slows the reaction. 
The kinetic studies by Perrin and Pitman (1965b) 
demonstrated that the rearrangement of 1,2-dihydro-2-
imino-l-methylpyrimidines in aqueous solution involved 
the reaction sequence (Scheme I-1) where (A) was the 
neutral molecule of the starting material in equilibrium 
with a small amount of ths adduct (A.H 20), (B) was the 
ring-opened species, (C) was the rearranged imine, and 
(D) was a breakdown product which could decompose further. 
The initial hydration (A)~ (A.H 20), being the 
reversible formation of a "covalent hydrate" of the 
neutral molecule of the imine (A) was rapid. This 
postulation was supported by the readily-demonstrated 
addition of stronger nucleophilic reagents, such as 
bisulphite ion and ethanol, and by the observation of 
anion formation at high pH values [such covalent hydration 
is a well documented phenomenon in other ~-heterocycles, 
such as quinazolines (Armarego, 1963; Perrin, 1965) and 
pteridines (Albert and Armarego, 1965)]. Indirect 
e vidence for the participation of water in Dimroth 
10a. 
SCHEME I-1 
Me 
(A) 
(B) 
(C) 
Other Product 
etc . 
(D) 
11. 
rearrangement was found in the stability of the free base 
(A) in dry tetrahydrofuran, acetone, dioxane, or ether 
during 48 hours; on addition of a l ittle water, rearrange-
ment proceeded at a rate proportional to the concentration 
of water. 
The ring fission (A.II 2o) ~ (B) was established 
beyond doubt by isolation and characterisation of several 
of the aldehydes (B) and their degradation products (D) 
(Perrin and Pitman, 1965a, 1965b; Brown and Paddon-Row, 
1966). In addition, the forward and reverse rate 
constants (~l and ~2) were measured using the imine 
(A; R=Me, 1 I) R =5-Br or as starting material (Perrin and 
Pitman, 19 6 Sb) . The formation of a "water-bridge" (E), 
i.e. a water molecule hydrogen-bonded between ~(1) and 
the hydroxyl group attached at ~(6) of the carbinolamine, 
would have facilitated the required proton transfer and 
bond rearrangements. A similar activated complex was 
suggested for the ring closure reaction. 
The reclosure (B) ~ (C) was virtually irreversible 
when the imino group was unsubstituted, because a stable 
formally-aromatic product resulted; with a substituted 
imino group, reclosure was reversible although equilibrium 
might lie well to one side, depending on the nature of 
substituent. In any case it might well proceed via a 
covalent hydrate of (C), akin to (A.H 20). The kinetics of 
several irreversible reclosures (~ 3 ) have been measured 
and energ ies and entropies of activation calculated 
(Perrin , 1963a ;Perrin and Pitman, 1965b,c). 
lla · 
I, fast-,, (A H o)J LA):;;;,-.- - · 2 ( B) 
D 
(E) 
I-4 Some Examples in Othe r Se ries 
Dimroth-type rearrangements have been reported 
in triazoles , thiadiazoles, tetrazoles, pyridines, 
pyrimidines, triazines, quinazolines, purines, 
pyrazolo[3,4-d]pyrimidines, pteridines , and 
azaindolizine systems. 
I-4-A Five-membered ring systems 
Dimroth (1909) investigated the rearrangement of 
5-amino-l-phenyl-1,2,3-triazole (I . 31) under a variety 
of conditions. In a later paper (Dimroth, 1910) he 
proposed that the initial step of the reaction involved 
an ~-1 : ~-2 bond-fission of the triazole ring to give a 
diazoacetamidine intermediate (I.32) . 
12. 
Goerdeler and Roth (1963) investigated the thermal 
rearrangement of a series of 4-alkyl-4,5-dihydro-5-
imino-l , 2,4-thiadiazoles (I.33) to the 5-alkylaminothia-
diazoles ( I. 34) . 
l-Substituted-5-aminotetrazoles (I . 35) were reported 
(Garbrecht and Herbst, 1953; Finnegan, Henry , and Lieber, 
1953) to rearrange to 5-(substituted-amino)-tetrazoles 
(I.37); an amino-azide intermediate (I . 36) was postulated 
in these rearrangements (Henry, Finnegan, and Lieber, 1955). 
Kindt-Larsen and Pedersen (1962) have reported the 
interconversion of 5-mercapto-l-phenyl-1,2,3-triazole 
(I.38) and 5-anilino-1,2,3-triazole (I.40). 
12a. 
N N2~ [JLNH ()NH 
I 2 PhN NH 2 H I 
Ph Ph 
(I. 31) (I. 32) 
(I. 33) (I.34) 
N--N N2-N 
N--N 
t)lNH RHN~NH tNJNHR 
I 2 H 
R 
(I. 35) (I. 36) (1. 37) 
/SH C,,-NHPh l!NHPh n r-11 
N N N s 
~N/ 'Ph II ~ N / 
N 
(I. 38) (I. 39) (I. 40) 
13. 
I-4-B Six-membered r jng systems 
3-Nitro- (Brown and Harper, 196 5) and 5-nitro-
(Goerdeler and Roth, 1963; Tschitschibabin a nd Kirssanov , 
1928) 1,2-dihydro-2-imino-l-methylpyridine derivatives 
(I.41 and I.43) rearranged in mildly alkaline solutions 
to give 2-methylamino-3-nitropyridine (I.42) 
and 2-methylamino-5-nitropyridine, respectively. 
2,2-Dichloro-1,2-dihydro-l-phenylpyridine (I.44), when 
treated with liquid ammonia gave 2-anilinopyridine (I.45) 
(Dany ush evskii and Gol'dfarb , 1950). Also, when heated 
above 200°, l-diphenylmethyl-1,2-dihydro-2-iminopyridine 
hydrobromide (I.46) yielded a small amount of 
2-(diphenylmethyl)aminopyridine (I.47) (Gol'dfarb and 
Danyushevskii , 1952). 
I-4-C Fused pyrimidines 
Grout and Partridge (1960) found that 2-amino-
3,4-dihydro-3-substituted-4-oxoquinazolines (I .48) were 
stable in acid; heating in 10~-alkali at 100° for 8 hours 
converted them to 4-hydroxy-2-(substituted-amino) 
quinazolines (I.49). On the other hand, Taylor and 
Ravindranathan (1962) reported the conversion of 
1,2,3,4-tetrahydro-4-imino-3-phenyl-2-thioquinazoline 
(I.SO) into 4-anilino-1,2-dihydro-2-thioxoquinazoline 
(I.51) in aqueous dimethylforrnamide. 
Brookes and Lawley (1960) demonstrated the 
rearrangement of 1-methyladenine (I . 52) into 
6-methylaminopurine (I.53) in concentrated aqueous 
ammonia at 100° for 18 hours; similarly, 6-rnethylarnino-
purine (I.53) was formed from 1,6-dihydro-l-methyl-6-
O N02 N NH 
I 
Me 
(1.41) 
~Cl 
~N~Cl 
I 
Ph 
(I.44) 
(1.46) 
13a. 
(I.42) (I.43) 
NH3 )lo- 0 
~N NHPh 
(I.45) 
>200° 
(I.47) 
0 
N.,...R 
N~NH2 
OH 
(I. 48) 
NPh 
N~S 
H 
(I.SO) 
H H 
(1.52) (I.53) 
(I.55) 
OH 
N 
N~NHR 
(I. 49) 
NHPh 
H 
(1.51) 
H 
(I.54) 
N~N) 
.,HS~A 
H 
(1.56) 
13b . 
t h i ox o pur lne (1. 54) by heat ing in ammonium hydroxide 
(Elion, 1962 , 1957). 1 , 6-Dihydro- 2-mercapto-l-methyl-
6-thioxopurine (1.55) was converted into 2-mercapto- 6-
methylaminopurine (1.56) in alcoholic ammonia at 140° 
14. 
(Elion , 1962). On the other hand , the aminolysis and 
subsequent rearrangement of 1 , 6-dihydro-l-methyl-2-
methylthio-6-thioxopurine (1 . 57) into 6-amino-2-methyl -
aminopurine (1.58) required ~-1:~- 6 bond fission (Elion , 
196 2). Taylor and Loeffler (1960) prepared a series of 
l-substituted-7-methylpurines (I . 60) which r e arranged in 
the presence of alkali to give 6-(substituted-amino)-7-
methylpurines (I.61); however, l-amino-7-methyladenine 
decomposed in alkali . In addition, the above authors 
prepared 4,5-dihydro-4-imino-1 , 5- dimethylpyrazolo-
[3,4-d ]pyrimidine (I.62) which rearranged to l - methyl -
4-methylaminopyrazolo[3,4-d ]pyrimidine (I.63) in water 
or 0 .1~-sodium hydroxide. 
Many workers recognis e d that 2-amino-3,4-dihydro-
3-methyl- 4-oxopteridines (I . 64) rearranged into 
4-hydroxy- 2- methylaminopteridines (I.67) in ~-sodium 
hydroxide (Brown and Jacobsen , 1960; Pfleiderer , Liedek, 
Lohrmann , and Rukwied , 1960; Curran and Angier , 1958) 
and Perrin (1 963a) showed that such pteridines do not 
undergo rearrangement if the molecules are in neutral 
form : the active compound was found to be the anion (I.65) 
which presumably underwent ring fission to the acyclic 
intermediate (I.66). 
14a. 
(I.57) (I.58) 
R-(X) ,.. 
(I.60) (I. 6 1) 
NH NHCH 3 
CH 3 ~ N ~ 
N/ 
JH3 
(I.62) (I. 63) 
14 b . 
0 0 
:x::Jl.X:~ 2 OH R R Me NH 
(I.64) (I. 65) 
OH 0 
I XN 
R N NHCH 3 
R:CNXC'¾0 
/ NHMe 
R N N-C 
H ~ NH 
(I. 67) (I.66) 
SH NHR 
N N ) / 1 6 ..... / 1 ~ N2 N2 
~J OH ""- 3 s 
I 
R 
(I.67) (I. 68) 
Dimroth-like transforma tions a re exemplified 
in the interconversion of 3-benzyl-7-mercapto-v -
triazolo[4,5-d)pyrimidine (I.67; R=CH 2Ph) and 
7-benzylamino-[1,2,3)-thiadiazolo[5,4-d )pyrimidine 
(I.68; R=CH 2Ph), occasionally known as the Christmas 
rearrangement from the season of its discovery by 
Albert and Tratt (1966); equilibria varied with 
substituents (Brown and Padden-Row , 1967c). 
A rearrangement related to the above is that 
unde rgone in alkali or boiling forma mide by 
7-aminothiazolo[5 , 4-d )pyrimidine (I.69) in giving 
6-mercaptopurine (I.71) (Brown and Mason, 1957; Elion 
and Hitchings, 1954; Elion, Lange and Hitchings, 1956). 
Another near-Dimroth interchange is that of the 
s-triazolo[4,3-a )pyridines (I.72) into the isomeric 
s -triazolo[l,5-a )pyridines (I.73) presumably via a 
monocyclic intermediate (Potts and Burton, 1964). 
The same type of r e arrange ment is also known in the 
related triazolodiazines and triazolo[l , 3,5) - triazine . 
Thus the condensation of hydrazinoazines (I . 74) with 
one-carbon cyclising agent (I.75) is a simple and 
efficient way to prepare such s -triazolo(d i - and tri-) 
azines (I. 76) . However, the applicability of the 
reaction has been limited by the eventual rearrangement 
of (I.76) to the isomeric compound (I . 78) via 
the intermediate (I.77). 
15. 
15a. 
NH 2 NH 2 
(x'.) 
H 
N 
OH 
OHC/ 
or dmf )I,-
HS 
(I. 69) (I. 70) 
/: DMF 
SH 
<:D 
H 
(I. 71) 
OH R 
(I.72) (I. 73) 
16. 
The best known heterocycles of these classes 
belong to systems (I.79) to (I.84). The rearrangement 
of (I.76) to (I.78) involves the fission of bond 4-5 
and thus is unlikely to occur if position 5 is occupied 
by a nitrogen atom. This rationalised the observed 
stabilities of s -triazolo[4 ,3-b]pyridazines (I.79) and 
s -triazolo[4,3-b]-as -triazines (I.80) (Liberman and 
Jacquier, 1962; Stevens, 1972; Yani, et al. , 1972). As 
in the imidazoazine series (Guerret, et al. , 1971), 
s -triazolo[4,3-a]pyrazines (I.81) needed drastic 
conditions to rearrange and were generally stable under 
the conditions usual for the cyclisation of (I.74) to 
(I.76). In contrast, the s-triazoloazines (I.82) to 
(I.84) rearranged readily and hence required exceptionally 
mild conditions for cyclisation in order to isolate them 
unchanged. This hampered earlier attempts to elucidate 
the structures of such products, especially in the 
s-triazolo[4 ,3-a]pyrimidine series (see next Chapter). 
16a. 
(I. 75) 
(I.74) 
~N ... .,._ QN 
Ll w 
(I. 76) (I. 77) (I. 78) 
ClN 
LI 
, N 
(I. 79) (I.80) (I.81) 
Q 
LI N 
( I. 82) (I. 83) (I.84) 
CHAPTER II 
STUDIES OF s-TRIAZOLO[4 , 3 - a]PYRIMIDINES 
AND s-TRIAZOLO[l ,5-a]PYRIMIDINES 
II-1 Introduction : General Synthetic Method 
The s-triazolopyrimidines have been extensively 
studied following a patent by Heimbach (1948) . This 
patent related to new asymmetrical photosensitizing dyes 
containing an s-triazolopyrimidine nucleus which, when 
added to photographic silver halide emulsions, increased 
the sensitivity . The s -triazolo[l , 5 - a]pyrirnidine bases 
(II.3) gave rise to a series of such sensitizing cyanine 
dyes . 
Nearly seventy years ago, the s -triazolo[l,5 - a]-
17. 
. ' d' ( 3 1 3 2 1 2 3 ) pyr1m1 1nes II . : R =R =Me, R=R =H; or R =R =R =Me, R=H 
were prepared by prolonged boiling of 3-arnino-s-triazole 
(II . 2) with a 1,3-diketone (II . 1) in absolute alcohol 
containing a little piperidine (Bullow and Haas , 1909). 
In addition , they obtained from 3-arnino-s-triazole (II.2) 
and ethyl acetoacetate (II.4) a product to which they 
assigned the structure 7-hydroxy-5-rnethyl- -triazolo-
[1 , 5-a]pyrimidine (II.5) . This structure, which was not 
unambiguous , was later questioned by Birr and Walther 
(1953), who presented evidence favouring the structure , 
5-hydroxy-7-methyl- -triazolo[4,3-a]pyrimidine (II . 7) . 
It was assumed initially that the ketonic carbonyl group 
of the ethyl acetoacetate had reacted with the amino 
0 
II 
Rl - C + 
I 
R2 - C 
~ -OH 
13 
R 
(II.l) 
(II.4) 
COMe 
I 
CH 2 I 
COOEt 
17a. 
(II.2) (II. 3) 
Me 
+ ( II. 2 ) 
HO 
(II.5) 
M 
(II.2; R=H) 
Me 
(II.6) 
Me 
HO 
(II. 7) 
"2NLN"N 
H~- OH 
R 
(II. 2a; R=H) N 
Me NAN 
Ll 
( II. 8) 
Me 
Me 
17b. 
(II.Sa) 
0 
NH 
N,,lN 
l~ 
( II. 6a) 
Me 
NJ:N 
Ll 
(II . 7a) 
0 
NH 
NAN 
Li 
(II.Ba) 
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group of th e triazol followe d by cyclisa t ion t o the 
structure (II . 5) . However , ring closure c ould equally 
we l l have occurred to give the isomer (II . 7). Furthermore , 
t he ester group could have reacted first with the amino 
group , with subsequent cyclisation either way, lea ding 
to i somers (II.6) and (II . 8). Thus four isomers were 
possible . 
Birr and Walther (1953) devised what appeared to 
t hem t o be an unequivocal synthesis : cyclisation of 
2- hydrazino- 4- hydroxy - 6- methylpyrimidine (II.9) with 
formic acid gave the same substance as that from 3- amino-
s - triazole and ethyl acetoacetate . This they assumed to 
be (II.7) . Repetition of the work of Birr and Walther 
in Sirakawa ' s laboratory (1958) and Allen ' s laboratory 
(1959a) led to the discovery t h at the nature of the 
product depended on the acidity of the reacting solution . 
Under conditions of milde r acidity than thos e used by 
Birr and Walther , the isome r (II . 7) was inde ed obtained ; 
in boiling formic acid , this was conve rted into the 
isomer (II . 5) . Thu s , they showed that the conclusions 
of Birr and Walther we re incorrect and established the 
structure originally propos e d by Bullow and Haas! 
As in the above example , s - triazolo[4 , 3- a ]pyrimidines 
(II . 11) have been prepared by the action of one- carbon 
cyclising agents , such as triethyl orthoformate or 
formic acid , on the 2-hydrazinopyrimidines (II . 10) , but 
often under such severe experimental conditions that 
on l y the triazolo[l , 5-a ]pyrimidines (II . 14) were isolated . 
HO "'-N lNHNH 2 
(II.9) 
(II.10) 
OEt 
I 
HN=C 
(II.13) 
'\.R3 • HCl 
(II.12) 
lUn . 
(II. 7) 
RC(OEt) 3 ~ 
(II.11) 
(II.14) 
19. 
In many cases it was diffi c ult to determine whether ring 
closure had, or had not, been followed by isomerisation, 
although the subsequent use of (non-acid) ortho-esters 
enabled the [4,3-a ] isomers (11.11) to be isolated as the 
initial products. 3-Methyl-s-triazolo[4,3-a ]pyrimidines 
(11.11; R3=Me) have bee n prepared by cyclisation of 
1 2 2-hydrazinopyrimidine (II.10; R ,R =H, alkyl, or OH) by 
triethyl orthoacetate (Allen, e t a l ., 1959b; Williams, 1960). 
Some 3-methyl derivatives (11.11; R1 or R2=OH, R3=Me) have 
also been obtained by cyclisation of the 2-hydrazino-
pyrimidines (II.10; R1 or R2=OH) with acetic acid 
(Sirakawa, 1959a, 1959b, 1960a), but attempted cyclisation 
of the 2-hydrazinopyrimidines (11.10; R1 , R2=H or alkyl) 
with acetic acid gave the hydrazide s (11.13; R3=Me, X=O) 
which could not be cyclised without isomerisation 
(Sirakawa, 1959c, 1959d). 3-Aryl- s -triazolo[4,3-a ]-
pyrimidines (II.11; R3=aryl) have been obtained by lead 
tetraacetate oxidation o f the hydrazone (II.15) (Bower and 
Doyle, 1957; Sirakawa, 1960a). Spickett and Wright (1967) 
prepared 3-substituted- s -triazolo[4,3-a ]pyrimidines 
1 2 3 (II.11; R =H, alkyl or aryl, R =OH, R =alkyl or aryl) from 
the reaction of 2-hydrazinopyrimidines (II.10) with the 
imino-ether hydrochlorides (II.12) under mild neutral 
conditions. However, the 2-hydrazinopyrimidines 
(II.10; Rl=R2=H or Me) reacted with such imino-ethers 
(II.12) to give the isomeric s -triazolo[l,5-a ]pyrimidines 
1 2 3 (11 . 14; R =R =H, R =Me). 
(II.15) 
R 
Pb(OAc) 4 AcOH 
~)lN · PPA ),, 
R~N/ N=CHNHOH 
(II.18) 
19 c:1 . 
(II.16) 
3 R =aryl 
(II.17) 
(II . 19; R=H or Me) 
s-Triazolo[l ,5-a]pyrirnidines (II. 14 ) have 
been prepared by the following five routes: 
(A) the reaction of 3-amino-s-triazoles (II.2) with 
1,3-dicarbonyl compounds (II.1) (Bullow and Haas, 1909); 
20. 
(B) a rearrangement of s -triazolo[4,3-a ]pyrimidines (II.11); 
(C) oxidative cyclisation of the hydrazone (II.15) with 
lead tetraacetate (Bower and Doyle , 1957; Sirakawa, 1960a); 
(D) a dehydrative cyclisation of the 'oximes' (II.18) with 
polyphosphoric acid (Polanc, et al ., 1974); and 
(E) cyclisation of the N-aminopyrimid ine salts (II . 20) 
with acylating agents such as formic acid, acetic anhydride, 
or benzoyl chloride (Tamura, et al ., 1975). 
During the work described in this thesis , the 
treatment of 2-hydrazinopyrimidines (II.10) with 
acylating agents under appropriate conditions was 
used to prepare s-triazold[4,3-a ]pyrimidine (II.11; 
1 2 3 R =R =R =H) and its derivatives bearing alkyl or aryl 
groups at the 3- , 5- , 6-, or 7-position. These compounds 
rearranged in acid or alkali to give the corresponding 
s - triazolo[l , 5-a]pyrimidines (II . 14). The rates for 
such isomerisations in alkali or acid were studied . 
20a . 
(II.20) 
(II . 21 ; R=H , Me , or Ph) 
1 I-2 'l'hc Preparation of .· -'l'r iazolo ( 4, 3-a] py r imid.i.ncs , 
their [1 ,5-a] Isomers and Precurso r s 
The parent s -triazolo[4,3-a ]pyrimidine (II . 27a) 
was prepared by treatment of 2 - hydrazinopyrimidine 
( I I 2 2 Rl R2 3 ) . h . . ; = =R =H wit triethyl orthoformate (II . 23; 
21. 
R4=H). The yield (77 %) was almost twice that obtained 
by Sirakawa (1959c) who used much milder conditions for 
the reaction . Examination of the crude product by n . m. r. 
indicated the absence of any appreciable amount of the 
isomeric s -triazolo[l,5-a ]pyrimidine (II . 28a) despite 
the more vigorous conditions used . This fact suggested 
that the experience of Paudler and Helmick (1966), in 
obtaining a separable mixture of both isomers from a 
similar reaction , might have resulted from using poor 
quality triethyl orthoformate containing free formic 
acid ; the latter would have induced some rearrangement 
of ( II. 27a) to ( II. 28a) . In addition, it became evident 
that the melting points given by the above authors for 
the two isomers had been reversed in their paper 
although the respective n . m.r. spectra had been correctly 
designated ; their use of incorrect numbering for the 
isomer (II . 28a) made matters worse . In the present 
work , the [1,5- a ] isomer (II . 28a) was made (i) by boiling 
4 2-hydrazinopyrimidine with formic acid (II . 24 ; R =H) and 
( ii) by rearrangement of the [4,3- a ] isomer (II . 27a) 
using acidic conditions ; two preparations from 3- amino -
s-triazole (Allen , et aZ ., 1959c) or the 3-chloro- analogue 
(Sirakawa , 1959c; Makisumi and Kano , 1959) gave low yields . 
21a. 
Hl n'\ ' (OEt) H'1Cll0 + [O] 3 Rx: (II. 23) (II.25) 
R3 NJNHNH R4co2H (R4) 4C 2 
(II.22) (II.24) (II.26) 
Rl Rl Rl )2 )C R)C R 7 N R s N R3: ~~ 6 4 n3 NlO n3 7 ~AN 
R~l bJR4 H 
(II.27) (II.28) (II.29) 
Rl R2 R3 R4 
Rl (a) H H H H 
(b) H H Cl H 
n
2:c ( C) H H H Me 
n3 N1Cl ( d) H H H Et 
( e) I-I H H Ph 
( f) H H H r-c 6H4Cl (II.30) 
(g) H H H ~-C 6H4No 2 
( h) H H H CH : CHPh 
( i) H H H OMe 
( j ) H H H OPri 
(k) H H Me H 
( 1) Me H H I-I 
(m) I-I Me H H 
(n) H H Me Me 
( 0) Me H H Me 
( p) H Me H Me 
(q) Me H Me H 
( r) Et H Et H 
( s) Me H Me Me 
( t) Me H Me Et 
(u) Et I-I Et Me 
22. 
3-Methyl- and 3-ethyl - s -triazolo[4,3-a ]pyrimidine 
(II.27c; II.27d) were prepared by heating of 2-hydrazino-
4 pyrimidine with triethyl orthoacetate (II.23; R =Me) and 
triethyl orthopropionate (II.23; R4=Et), respectively. 
Both products were heated in glacial acetic acid to give 
2-methyl-s-triazolo[l,5-a ] pyr imidine (II.28c) (Sirakawa, 
1959c) and 2-ethyl-s-triazolo[l,5-a ]pyrimidine (II .28d) 
by rearrangement. In contrast, when 2-hydrazinopyrimidine 
was treated with triethyl orthobenzoate (II.23; R4=Ph), 
no 3-phenyl- s -triazolo[4,3-a ]pyrimidine (II.27e) was 
obtained, but only its rearranged isomer 2-phenyl-s -
triazolo[l,5-a]pyrimidine (II.28e). To overcome this 
difficulty, the required unrearranged material (II.27e) 
was obtained by condensation of 2-hydrazinopyrimidine 
with benzaldehyde (II.25; R4=Ph) in the presence of 
diethyl azodicarboxylate as a dehydrogenating agent, or 
by oxidative cyclization of benzaldehyde pyrimidin-2-
ylhydrazone with an oxidizing agent such as lead 
tetraacetate (cf. Sirakawa, 1960a). Similar treatment of 
2-hydrazinopyrimidine with 4-chlorobenzaldehyde, 
4-nitrobenzaldehyde, or cinnamaldehyde (II.25; R4= 
2-c6H4c1, 2-c6H4No2 , or PhCH :CH) gave the aldehyde 
pyrimidin-2 -ylhyd~azones which underwent cyclisation with 
an oxidizing agent to yield the p-chlorophenyl- , 
p -nitrophenyl-, and styryl-triazolo[4,3-a ]pyrimidines 
(II.27f-h); each compound was allowed to rearrange in 
glacial acetic acid to give the isomers (II.28 f-h). 
23. 
Like triethyl orthobenzoa l e , tetrarne thyl orthocarbonate 
(11.26; R4=OMe) condensed with 2-hydrazinopyrirnidine 
under vigorous reaction conditions to give, not the 
3-methoxy - s -triazolo[4,3-a ]pyrirnidine (II.27i), but its 
isomer 2-methoxy-s-triazolo[l,5-a]pyrirnidine (II.28i). 
This product (II.28i) was verified as a [1,5-a] compound, 
rather than a [4,3-a] compound, by (i) its pKa value of 
< 1, (ii) its single A for the neutral molecule, 
max. 
(iii) its well separated n. m.r . signals for HS and H7 
(o 8.73 and 9.20, respectively), and (iv) its stability 
towards prolonged treatment with acid or alkali. On 
treatment of 2-hydrazinopyrimidine with tetraisopropoxy 
orthocarbonate under similar conditions, the expected 
isomers (II.27j; II.28j) were not obtained. 
It was reported by Sirakawa (1959d) that heating 
the unsymmetrical 2-hydrazino-4-methylpyrimidine (II.22; 
R1=Me, R2=R3=H) and triethyl orthoformate ''on the water 
bath" gave a separable mixture of 5 - and 7-methyl-s-
triazolo[4,3-a ]pyrimidine (II . 27k; I.27 l ). When this 
reaction was repeated here (using a boiling water bath) 
it gave only the latter product (II.27 l) along with its 
rearranged isomer (II.28 l ) and a pyrimidine intermediate. 
However, when the bath was maintained at 85°, Sirakawa's 
results were reproduced although a much better overall 
yield was obtained. Using formic acid, instead of the 
triethyl orthoformate, gave both rearranged products 
(II.28k; II . 28 l ) which had been made previously by direct 
routes (Sirakawa, 1959d; Kano et aZ ., 1959). 
2-Hydrazino-5-methyl pyrimidine (II .22; Rl=RJ=H , 
R2=Me) was treated with triethyl orthoformate to yield 
6-methyl-s-triazolo[4,3-a ]pyrimidine (II.27m), which 
24. 
was converted into its isomer 6-methyl-s-triazolo[l,5-a]-
pyrimidine (II.28m) by hot glacial acetic acid; in 
addition, direct treatment of the intermediate with 
formic acid gave the rearranged product (II.28m). The 
hydrazinopyrimidine precursors were prepared preferably 
by this route: thymine + 4-thiothyrnine + 5-methylpyrimidin-
l 3 2 2-one (II.29; R =R =H, R =Me) + 2-chloro-5-methyl-
pyrimidine (II.30; R1=R3=H, R2=Me), followed by 
hydrazinolysis. 
3,5-, 3,7-, and 3,6-Dimethyl-s-triazolo[4,3-a]-
pyrimidines (II.27n; II.27o; II.27p) were similarly 
prepared by treatment of the appropriate mono-methylated 
2-hydrazinopyrimidine (II.22; R1=R2=H, R3=Me; R1=Me, 
2 3 1 3 2 . R =R =H; R =R =H, R =Me) with triethyl orthoacetate; 
these were converted into their isomers (II.28n; II.28o; 
II.28p) by using hot glacial acetic acid. 
Heating 4,6-dimethyl-2-hydrazinopyrimidine (II.22; 
1 3 2 R =R =Me , R =H) with an appropriate orthoester (II.23; 
4 R =H , Me and Et) gave the corresponding 5,7-dimethyl-, 
3,5,7-trimethyl-, and 3-ethyl-5,7-dimethyl-s-triazolo-
[4,3-a ]pyrimidine (II.27 g , II.27s; II.27t). Subsequently 
each compound was rearranged by heating in glacial acetic 
acid to give the respective isomers (II. 28g ; II.28s; 
II. 28t) . 
2 r: :J • 
4 , 6-Diethyl- 2-hydra z inopyrimidine (II . 22; Rl=R3=Et , 
R2=H ) was converted into the 5 , 7- diethyl-s-triazolo-
[4 , 3- a]pyrimidine (II . 27r) and 5,7-diethyl-3-methyl-
s - triazolo [ 4 , 3-a]pyrimidine (II . 27u) by treatment with 
triethyl orthoformate or triethyl orthoacetate, 
respectively ; t h ese rearranged into their isomers 
(II . 28r and II . 28u) in glacial acetic acid , if necessary 
with the addition of hydrochloric acid . The new 
precursor , 4 , 6- diethyl - 2-hydrazinopyrimidine , was made 
by condensation of heptane- 3,5-dione with urea in acidic 
ethanol followed by chlorination and hydrazinolysis . 
II-3 Ultraviolet Spectra and Ionisation Constants 
II-3 - A Ultraviolet spectra of s -triazolo[4 , 3- a ]-
pyrimidines as neutral molecules 
The ultraviolet absorption spectra o f s-triazolo-
[4 , 3-a]pyrimidines (II . 27) consisted of three main 
bands . It has proved convenient in discussing these 
spectra , to divide them into three regions according to 
Platt ' s (1949) classification . Thus the neutral molecules 
exhibited a band of high intensity at 215-220 nm; one 
of medium intensity at 245-275 nm ; and a third at 
285-31 0 nm ; t h e last two represented n- n * transitions . 
As a general r u le , the ultraviolet spectra of 
aromatic and he t eroaromatic molecules show four principal 
bands above 180 nm : two occurrin g at moderately high 
frequency (in the short wavelength region) were called 
Ba and Bb (B = benzenoid) by Platt (1949) and the other 
two at lower frequency wer e called La and Lb (L =low); 
the two absorptions caused by transversely polarized 
transitions were B and L, while the other two 
a a 
(Bb and Lb)were caused by longitudinally polarized 
transitions. The B bands are thought to be a response 
to perturbation by a single pair of opposite charges, 
and the L bands to several such pairs. The Ba and Bb 
bands of aromatic and heteroaromatic molecules lie 
together at a low wavelength; the Bb band (alone) moves 
to longer wavelengths with increasing annelation 
(Braude, 1955) . The parent TI -deficient N-heterocycles 
26. 
have spectra similar to those of the parent hydrocarbons, 
although the introduction of nitrogen atoms into such 
hydrocarbons intensifies the Lb absorption. (The reason 
for weakness of the Lb band in the hydrocarbons is a 
contribution to symmetry pairing of molecular orbitals so 
that transition moments cancel one another; on substitution 
by ring-nitrogen atoms, this property is lost so that the 
Lb band gains in intensity.) 
In what follows, classification of the bands in the 
ultraviolet absorption spectra of s -triazolo[4,3-a ]pyrim-
idines will be discussed in the light of known spectra 
for other polyazaindolizines. In general , the spectra 
of azaindolizines (Table II-1) consist of three main bands, 
as does the spectrum of 
bands lie at 210-240 
and 290-360 nm ( E 
max 
indolizine (II . 31) itself . These 
> l 0 4 ) , 2 5 0 - 2 8 0 nm ( E < 10 4) , 
max 
Table II-1. Ultraviolet ab sorption spectra of 
indolizine and some aza- ana logues. 
8 l 
7 
2 
6 
( II. 31) Indolizine 
Compound >- / nm max (log E: ) 
Indolizine 346 . 5 (3.29), 294 . 5 (3 . 56), 237 . 5 ( 4 . 51) 
1-aza 310 (3 . 42), 280 (3 . 41), 224.5 ( 4. 41) 
2-aza 344 (3.27), 273 . 5 (3.72), 218 (4 . 46) 
3-aza 300 . 5 (3.26), 289 (3.52) , 222.5 (4 . 56) 
7- aza 338.5 (3 . 43), 283 (3. 49) , 224 . 5 ( 4. 39) 
1 , 2-diaza 306 (3 . 34), 274 (3 . 67), 213 (4. 38) 
1 , 3-cliaza e 294 (3 .20), 273 (3 . 57), 217.5 (4 .58) 
2 , 3-diaza 299 ( 3. 36) , 270 (3 . 33), 214 (4. 35) 
1,5-diaza 337 (3 . 55) , 278 (3 . 02), 230 (4 . 38) 
1 , 6-diaza 309 (3 . 31) , 270 (3 . 64), <225 (----) 
1,7-diaza 300 (3 . 46) , 284 (3 . 58), 211 (4 .26) 
1 , 8-diaza 333 (4. 30) , 277 (3 . 30) , 227 . 5 (4 . 30) 
1 , 2 , 3-triaza 293 (3.16), 264.5 (3 . 62), <210 (----) 
1,2 , 5-triaza 305 ( 3 . 81) , 240 (4.22) 
1,2,7-triaza 292 (3.57), 253 (3.31), 206 (4 . 46) 
a . Bower , 1957. 
b. Arrnarego , W.L . F ., 1965. 
c . Takahayashi , S., 1956. 
d. Badger, Nelson , and Potts , 1964. 
e . 2-rnethyl derivative. 
26a . 
Ref. 
a 
a 
a 
a 
b 
a 
a 
a 
b 
b 
b 
b 
a 
C 
d 
27. 
Inspection of the clat c1 for azainclolizines indicates 
that the general effect of introducing additional 
nitrogen atoms into indolizine (II.31) is to induce 
hypsochromic shifts of the major bands; this effect is 
inclined to increase with the number of "aza substituents" 
so introduced (Galasso, Alti, and Bigotto, 1968). This 
effect is unmistakeable on introducing nitrogen atoms 
into the 1- and 3-positions of the five-membered ring 
of indolizine but less so when introduced into the 
six-membered ring (Table II-1). 
The parent compound, s-triazolo[4 ,3-a]pyrimidine 
(II.27a) showed (Fig.II-1) three main absorption bands: 
215 nm (high intensity; not plotted), 255 nm (medium 
intensity), and 293 nm (medium intensity but a little 
higher than the identified La band). This pattern 
resembled that of s-triazolo[4 ,3-a]pyrazine (Badger, 
Nelson, and Potts, 1964). On the assumption that 
s -triazolo[4,3-a]pyrimidine (II.27a) will show greater 
hypsochromic shifts than any aza or diaza indolizine 
(Table II-1) in respect of Bb, La, and Lb bands, it 
seems reasonable to classify the major bands for 
s -triazolo[4,3-a ]pyrimidines (II.27) as 
Bb (215-220 nm), La (245-275 nm), and Lb (285-310 nm). 
An interesting phenomenon emerged on comparing the 
spectrum of the parent compound (II.27a) with those 
of its derivatives (Table II-2). Because the Bb band 
was inaccurate ( <22 0 nm) and the La band was indistinct, 
the Lb bands in various substituted s-triazolo[4 ,3-a]-
pyrimidines were compared with that for the parent (II.27a) 
4 
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Fig. II- 1 . The ultraviolet absorption spectra of 
~-triazolo[4 , J-a ]pyrimidine in aqueous solution : 
A: neutral molecule ; B : cation ; C: dioxane . 
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A 
27b . 
1'nblc 11-2 Ultraviolet spectra u ( o- Lr1nzolol4,l-a]pyrimidincs (11.27) 
Rl 
:i.:l 
R~h 
(II.27) 
Substituents >. max/nm 
a (log C) 
Species0 6>. d 
or max Rl R2 R3 R4 B b La Lb Solvent (nm) b 
(a) H H H H 215 ( l. 73) 219 I J. 2JJ , 29] (l.35) N 0 
256 ( 3. 2]) , 
266 (3.24) 
208 ( 3. 7]) 214 I J. J2J 274 (]. 56) + 0 
254 ( 3. 29) , ]09 ( 3. 2]) D 
262 (J.27! , 
270 I J. 15 J 
(c) II II II Mc 219 (l. 81) 252 ( l .1 8) , ]05 (]. JO) N +12 
259 ( 3. 19) , 
268 (3.14) 
213 ( 3. 81) 245 I J. 22! 281 (3.49) + +7 
(d) H H H Et 219 (l.82) 252 (3. 15) , 300 ( 3. 23) N +7 
259 (3 . 17), 
269 ( 3 .16) 
213 (3.81) 211 I J. 22) 277 ( l. 4 4) + +3 
(e) H H H Ph 210 ( 4. 27) 239 ( 4. 35 ) , JJ0 (J. 40) N +17 
275 I J. 76 J 
205 ( 4. 37) 236 ( 4. 32) 298 (J. 55) + +24 
( f) H H H p-C 6H4Cl 210 ( 4 . 36) 246 ( 4 . ]3) , J25 I J . 1 9 J E 273 ( 3. 94) 
(g) H H H p-C6H4No 2 221 (-f) 260 (-f) 311 (-f) E 
(h) H H H CH:CHPh 222 ( 4. 26) , 2J5 I 4. 1 JJ , JJ8 14.20) E 
227 ( 4. 28) 263 ( 4 . 10) , 
309 ( 4. 4 0) 
319 ( 4. 4 3) 
(k) H H Me H 216 (]. 77) 24 7 I J. 28! , 292 ( 3. 49) N -1 
256 ( 3. 33) , 
266 ( 3. 35) 
209 ( 3. 78) 278 ( 3. 68) 296 ( J. J 7) + +4 
27c . 
Table II-2 continued (page 2 l 
Subatituenta , 
max/nm 
a (log C ) Species 11, d max 
Rl R2 R3 R4 or Bb L a Lb Solvent (nm) 
(1) Mc fl fl II 217 (3 . 80) 247 ( 3. 2 7) , 286 ( 3. 34 l N 
-7 
2'JG (). 34) . 
265 (3 . 33) 
209 ( 3. 80) 247 ( 3. 54), 270 (3 .59) + -4 258 ( 3. 61) 
(ml II Mc II II 210 ( 3. 80) 263 ( 3. 29 l , 297 ( 3. 3 8 l N +4 
272 (3. 31) 
211 (3. 80) 247 ( 3. JJ) 282 ( 3. 56 l + +8 
(nl II II Mc Me 220 ( 3. 8 8) 252 ( 3. 16 l , 305 ( 3. 4 6 l N +12 
259 ( 3. 16 l , 
270 ( J . 12) 
213 ( 3. 91 l 287 ( 3. 65) + +13 
Col Mc II II Me 220 ( 3. 90) 2•18 ( 3 . :?OJ , 295 ( 3. 2 7) N +2 
258 (3. 26), 
268 ( 3 . 2 3) 
214 ( 3. 91 l 2.1 1 U .1 r.; 275 ( .1, 50) + +l 
26) (3. 51 l 
(pl fl Me H Me 221 (3. 90) 25,J ( J. 20) , 305 ( 3. 34) N +12 
264 ( 3. 26) , 
274 (3 . 25) 
215 (J.89) 250 ( J. 29) , 287 (J.52) + +13 
26 7 (3 . 39) 
(q) Me II Me fl 217 ( 3. 82 l 24 7 ( J. 23) , 285 (3. 4 7) N 
- 8 
257 ( 3. 3 4) • 
265 ( 3. 36) 
210 ( 3. 8 4) 243 ( J . 40), 274 ( 3. 69 l + 0 
256 ( 3. 54 l 
(r) Et fl Et II 218 ( 3. 98) 2 4 7 ( J. 3 5) , 285 ( 3. 54 l N -13 
257 ( 3. 46 ) , 
266 (3 . 49) 
210 ( 4. 04 l 246 ( 3 . 56) , 273 (3.77) + 
- 1 
~57 ( 3. 66) 
Cs) Me fl Me Me e 250 ( J. 2 4) , 297 ( 3. 4 5) N +4 
258 ( 3. 26) , 
268 ( 3. 2 J l 
252 ( J. 40) , 280 ( 3. 66) + +6 
260 (3.46) 
Table Il-2 continued (page J) 
SubsLitucnt.s ). /nm a ( loq ') mc1x Sp('CICA {' 
or 
Bb 
b 
La Lb Solvent 
( L) M,• II EL )',{) (). )'/) . }')'/ (). 4 (,) N 
259 ( J . 29) , 
268 (3.25) 
25J I J. 4 2! , 280 I). 66) + 
260 I J. ·16 ! 
(u) Et H Et Me e 250 ( J . :!.'i J' 29 7 ( J . 4 4) N 
258 () . 27), 
268 (). 2)) 
250 I ,l. 11 ! , 280 (). 6 7) + 
260 / .1 . 5 I J 
a The value in italics refer to wave-lengths at which shoulders or inflexions occur in 
the absorption. 
b The ultraviolet absorption data at this band are inaccurate. 
c N: ncul rdl species; +: cation; D: dioxane; E: ethanol. 
d 6).max = 'max of compound -•max (ll-2 1 ) : R1=R2=R3=R 4=H (Lb band only). 
e The value of this band was below 210 nm in wavelength and above 4.0 in logarithmic 
absorption coefficien t. 
f This compound was not su ff iciently soluble in ethanol f o r accurate determination of 
log L values. 
27d. 
fl}. ,/ 
ffii'IX 
(nm) 
I 4 
+6 
+4 
+6 
(see 6A column : Table II -2). 
max Thus, in the neutral 
molecules substitution in the triazole ring at R4 
resulted in an appreciable bathochromic shift, e.g. 
6A for (II .2 7c) was 12 nm . 
max In contrast, substitution 
in the pyrimidine ring produced a mild bathochromic 
to an appreciable hypsochromic shift according to the 
2 position . Thus methylation at R gave a bathochromic 
shift [6A for (II.27m) was 4 nm]; methylation at R3 
max 
gave a small hypsochromic shift [6A for (II . 27k) was 
max 
-1 nm] ; and methylation at R1 gave a good hypsochromic 
shift [6A for (II.27 l )was -7 nm] . 
max 
In di- and tri-
alkylated derivatives these effects were broadly 
additive e . g. [ (II. 2 7 o) , + 2 ; (II. 2 7 s) , + 4 ; (II. 2 7 q) , - 8 ; 
The above bathochromic shifts were seen as 
resulting from addition conjugation of the system by 
the added alkyl group(s); the hypsochromic shifts, as 
resulting from increased polarization of the system by 
a mesomeric effect on the ring nitrogen atom(s) . 
Another point of interest in the spectra of 
s-triazolo[4 ,3-a]pyrimidines was that of the 3-phenyl-
and other aromatic derivatives (II . 27e, etc ) . Thus 
the shift and increased absorption of (II . 27e) resulted 
from the phenyl ring being essentially coplanar with the 
rest of the molecule : as illustrated in Fig . II-2 , the 
presence of the phenyl chromophore extended the length 
of the conjugated system of triazolopyrimidine ring 
resulting in a bathochromic shift of a . 17 nm as well as 
an increased intensity of a . 0.05 log units. Moreover, 
28. 
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Fig . II-2. The ultraviolet absorption of 
' 
3-substituted s - triazolo[4 , 3- a ]pyrimidines. 
A: R=Ph , neutral molecule in aqueous buffer ; 
B: R=Ph , cation in aqueous buffer; 
C · R=CH : CHPh , neutral molecule in ethanol . 
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i t was apparent that the intensity of the 239 nm peak 
was most influ e nced . The p -chlorophenyl compound 
( II . 27f) s howed a similar phenomenon and 3- styryl-
s - triazolo[4 , 3-a ]pyrimidine (II . 27h) showed an even 
more marked bathochromic shift and intensification 
on account of the extended length of the conjugated 
s ystem (Fig . II - 2) . 
II-3-B Ultraviolet spectra of 
s - triazolo[4 , 3-a ]pyrimidines as cations 
When the TT - deficient s-triazolo[4 , 3-a ]pyrimidines 
were converted into their cations , the spectra under-
went a considerable hypsochromic shift. For instance , 
cation formation in the parent compound (II . 27a) 
resulted in a hypsochromic shift of c .19 nm with an 
increase in intensity of some 0 . 21 log units (in the 
* TT -TT absorption region) (Fig . II-1) . As in the neutral 
molecules (II - 3- A), alkylation in the triazole ring 
produced a bathochromic shift ; in the pyrimidine ring 
a hypsochromic shift . The 3- phenyl-s - triazolo[4,3-a ]-
pyrimidine (II . 27e) as cation showed a hypsochromic 
shift of 12 nm and an increase in intensity of c . 0 . 15 
log uni t s compared with the neutral molecule (Fig . II - 2 , 
Table II-2 ). 
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II-3-C. Ultraviolet spectra of s -triazolo-
~-a]pyrimidines as neutral molecules 
The ultraviolet absorption spectra of s-triazolo-
[1,5-a]pyrimidines (II.28) consisted of two main bands 
which were classified as Bb and Lb within Platt's (1949) 
system. Thus the neutral molecules exhibited a band 
located at 210-220 nm and another located at 270-295 nm 
* in the TT-TT absorption area; both bands were of high 
intensity. 
As mentioned in II-3-A, the ultraviolet spectral 
data for azaindolizines indicate that the hypsochromic 
shifts are induced by progressive insertion of ring . 
nitrogen atoms into indolizine; in particular (as shown 
in Table II-1) this effect is bigger for the 1,3-diaza-
than for the 1,2-diaza-analogue in s -triazolopyridines. 
Hence it would be expected that spectral bands in 
s-triazolo[l,5-a]pyrimidines will be located at shorter 
wavelength than those in the corresponding s -triazolo-
[4,3- a ]pyrimidines. This hypothesis was proven exper-
30. 
imentally by comparing the spectra for s-triazolo[4 ,3-a] -
and s-triazolo[l,5-a]-pyrimidines (in Tables II-2 andII-3). 
Thus, the Lb band in s-triazolo[4,3-a ]- and s-triazolo-
[1,5-a]-pyrimidine were 285-310 nm and 270-295 nm, 
respectively . It would seem that N-2 in s-triazolo-
[4,3-a]pyrimidines has a mesomeric effect in contrast with 
that from N-1 and N-8 , but in s-triazolo[l,5 - a]pyrimidines, 
N-1 has a mesomeric effect strengthening those of N-3 and 
N-4. It would follow that the polarization of the 
conjugated ring system of 1-triazolol l ,S-a ]pyrimidines 
will be greater than that of s-triazolo[ 4 ,3-a ]pyrimidines 
resulting in the observed spectra for the former . 
The substituent effects in s-triazolo[l,5-a ]-
pyrimidines were broadly similar to those in 
s-triazolo[4,3-a ]pyrimidines. As before, the 3-phenyl-, 
3-(p-chlorophenyl)-, 3-( p -nitrophenyl)-, and 3-styryl-
s-triazolo[l,5-a]pyrimidines showed marked bathochromic 
shifts(a. 23 nm for the phenyl substituent) and increased 
* molar extinction coefficients in the TT - TT absorption band 
(Fig. II-4 and Table II-3). 
II-3-D. Ultraviolet spectra of 
s -triazolo[l , 5- a ]pyrimidines as cations 
On cation formation, s -triazolo[l,5-a ]pyrimidines 
exhibited a general hypsochromic shift in their spectra. 
For instance, the parent compound (II.28a) underwent a 
marked hypsochromic shift ( a . 13 nm) and an increase in 
* intensity ( a . 0.07 log units) in its TT - TT absorption 
maximum on cation formation (Fig. II-3). The absorption 
spectra for other s-triazolo[l ,5-a ]pyrimidines showed 
similar effects (Table II-3). 
31. 
In the cationic spectra of s -triazolo[l ,5-a ]pyrimidines 
(II.28), progressive substitution (except at the 5-position) 
produced bathochromic shifts relative to the parent 
compound (II.28a). 
Jla. 
Table II-3. Ultraviolet spectra of e-triazolo(l,5-a]pyrimidines (II.28) 
Rl 
•'[:· 
3 NAN 
(II, 28) 
R I~ 
N 4 
R 
Substituents \,,,,x/nm0 ( loq c) Species C 
d 
or ~~ 
Rl R2 R3 R4 B b ma x L Lb Solvent (nm) b a 
(a) H H H H 213 (3. 77) 272 ( 3. 59) N 0 
<205 (>3.7) 24 2 ( 3. 5 5) 259 ( 3. 66) + 0 
274 ( 3. 35) 
277 ( 3. 54) D 
(c) II II II Mc 216 ( 3. 78) 276 (3.66) N +4 
206 ( 3. 75) 245 (J. 63) 262 ( 3. 70) + +3 
277 (3.49) 
(d) H H H Et 216 ( 3. 82) 277 (3.66) N +5 
<205 ( > 3. B) 216 (J. 61) 262 ( 3. 70) + +3 
277 ( 3. 50) 
(e) H H H Ph 209 ( 4 . 2 2) 240 ( 4. 4 4 ) 295 ( 4. 02) N +23 
203 ( 4 . 4 2) 239 ( 4. 23) 290 ( 4 . 14) + +Jl 
(f) H H H p -C 6H4Cl 207 ( 4. 4 5) 248 ( 4. 50) 286 (3 .9 8) E 301 ( 4 .12 ) 
(g) H H H p-c6tt 4No2 216 (-)e 279 (-)e 304 (-)e E 
(h) H H H p-CH:CtiPh 209 (4. 32) 230 ( 4. 10) 318 ( 4. 39) E 
223 (4 . 17) 272 ( 4. 37) 333 (4. 22) 
(i) H H H OMe 220 ( 3. 75) 261 (3.43) 289 (3 . 70) N +17 
210 ( 3. 84) 250 ( 3. 66) 277 ( 3. 72) + +18 
(k) H H Me H 215 ( 3. 74) 272 ( 3. 6 7) N 0 
206 (3. 72) 243 ( 3. 56) 264 ( 3 . 7 3) + +5 
276 ( 3. 54) 
(1) Me H II H 216 (3.74) 270 (3.62) N -2 
206 ( 3. 7 3) 238 ( 3. 6 2) 254 ( 3. 71) + -5 
272 (3.45) 
(m) H Me H H 217 ( 3. 78) 278 (3.58) N +6 
209 ( 3. 78) 245 ( 3. 4 9) 268 ( 3. 56) + +9 
283 (3. 32) 
(n) H H Me Me 216 ( 3. 85) 275 (3.74) N +) 
207 ( 3 . 83) 245 (3 . 69) 266 ( 3. BO) + +7 
277 ( 3. 5 8) 
(o) Me H H Me 217 (3 . 87) 275 ( 3. 66) N +3 
206 ( 3. 82) 216 ( 3. 68) 264 (). 72) + +5 
276 ( 3. 55 J 
Jib. 
Table 11-3 continued (page 2) 
Substituents ). /nma ( log r) a Species " d mc.x 
or 
ill 
milx 
Rl 1? RJ R4 D / , L Lb Solvcnl (11ml b a 
(p) II Mc II Me ]18 ( 3. 86) 282 ( 3. 64) N +10 
210 ( J. 84) 2~) (J. 62) 2'/l ( J. &l) + 'I J 
:H6 / .! .. 1 CJ 
(q) Me II Me H 216 (3.8)) 269 (). 71) N -) 
207 ( 3. 81) .~./I / ,l . 6 •/ I 262 ().80) + +3 
,"i'l / ,! . ,rn J 
(r) Et H Et H 216 (3 . 99) 270 ( 3. 7 7) N -2 
<210 ( > 3. 9) 240 (J.67) 261 ( 3. 86) + +2 
-~ 10 ( ,1 . 19) 
(s) Mc II Me Me 218 ( J. 8 3) 273 ( 3. 7 6) N +l 
209 ().79) 250 / J . 79) 26) (3.84) + +4 
270 ( .l. 7 9) 
( t) Mc II Mc Et 218 ( 3. 9 3) 274 ().76) N +2 
208 ( 3. 90) 252 ( J.81) 263 ( 3. 85) + +4 
27J / J. 7 5) 
(u) Rt II Et Mc 218 ( 4. 03) 27) ( 3. A)) N + 1 
208 ( 4. 03) 250 (J.84) 26) ( 3. 89) + +4 
271 ( J . 7 5) 
a. Italicized values refer to wavelengths at which shoulders or inflexions occur. 
b. These ultraviolet absorption data are inaccurate. 
c•. N: neutral sp cics; +: cation; D: in dioxanc; E: in ethanol. 
d . 6).max; ' max of compound - ' max(II.28a) (Lb band only). 
r. This compound was not sufficiently soluble 1n c tl,anol for accurate determination of log £ valu s. 
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Fig . II-3 . The ultraviolet absorption spectra of 
s -triazolo[l , 5- a ]pyrimidine in aqueous solution : 
A: neutral molecule ; B : cation; C : dioxane . 
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Fig . II-4 . The ultraviolet absorption spectra of 
3-substituted s -triazolo[l,5-a ]pyrimidines . 
A: R=Ph , neutral molecule in aqueous buffer; 
B : R=Ph , cation in aqueous buffer; 
C: R=CH :CHPh , neutral molecule in ethanol . 
II-3-E. Ionization c onstants of 
s-triazolo[4,3-a]pyrimidines and 
s-triazolo[l,5-a ]pyrimidines 
An ionization constant ('dissociation constant') 
is a measure of the strength of an acid or base. In 
32. 
the present work such constants were used as a criterion 
of structural identity and in connexion with measurements 
of the rearrangement rates for s -triazolo[4,3-aJpyrimidines 
(II.27) into s -triazolo[l,5-a]pyr imidines (II.28). The 
ionization constants proved consistent with the assumed 
electronic character of each ring system as well as with 
the nature and position of any substituent(s); this was 
particularly useful in distinguishing the triazolo[4,3-a]-
pyrimidines from the corresponding triazolo[l,5-a ]pyrim-
idines . For example, the parent s-triazolo[4 ,3-a ]pyrim-
idine (II.27a) had pK 1.53 while its isomer (II.28a) had 
a 
pK 0.46 (Table II-4 and II-5); other pairs of isomers 
a 
showed similar differences ( c . 1.1). It may be assumed 
that the resonance forms (II . 27aa, II.27ab, II.27ac, II.27ad) 
and (II . 28aa , II.28ab, II.28ac, and II.28ad)(Scheme II-1) 
make significant contributions to the respective resonance 
hybrids of the parent heterocycles (II.27a) and (II.28a). 
The addition of mildly electron-releasing alkyl 
groups partly redressed the deficiency in the TT-layer, 
thereby increasing the basic strength of the derivatives 
in comparison with their respective parents (II.27a or 
II.28a); in contast, slightly electron-withdrawing phenyl 
groups had the opposite effect . The 6p K changes, 
a 
32a . 
Table I[-4. 
Ionization constants of ( II·27) 
SubstituentS R4 
R1 R2 R3 R4 pKa Anal.A .6pKa 
(a) H H H H 1. 5 3 + 0. 0 2 2 7 5 0 
( C ) H H H Me 2.0 1 + o. 0 4 280 + 0 .4 8 
-
( d) H H H Et 2. 0 7 + 0. 0 2 2 8 0 + 0.5 4 
-
( e) H H H Ph 1. 3 3 + o. 0 4 2 4 0 - 0.2 0 
( k) H H Me H 1. 8 4 + 0.0 4 2 7 5 + o. 31 
(I) Me H H H 1. 9 5 + 0.0 3 2 6 0 + 0.4 2 
(m) H Me H H 1 .8 1 ·t 0 .0 4 2 8 2 + o. 2 8 
-
( n) H H Me Me 2 . 2 3 + 0. 0 1 288 + o. 7 0 
( o) Me H H Me 2 .4 2 + 0. 0 2 2 7 0 + 0. 8 9 
( P) H Me H Me 2 .3 5 + o. 0 4 287 + 0.8 2 
( q) Me H Me H 2 .2 8 + o. 0 3 2 7 5 + 0. 7 5 
( r) Et H Et H 2 .3 9 + o. 0 4 2 7 0 + 0.8 6 
( s) Me H Me Me 2. 7 5 + o. 0 3 2 8 0 + 1.2 2 
( t) Me H Me Et 2. 8 6 + 0. 0 5 2 8 0 + 1 . 3 3 
-
( u) Et H Et Me 2. 8 5 + 0. 0 4 
-
2 8 0 + 1. 3 2 
6pKa=pKa of compound less that of the parent compound (II.27a) 
32b . 
Table II-5. 
Ionization constants of ( D · 2a) 
Substituents R4 
R1 R2 R3 R4 pKa Anal.A. ~pKa 
(a) H H H H 0,4 6 + 0. 0 2 2 5 0 0 
( C ) H H H Me 1 • 1 8 + o. 0 1 2 5 0 + 0. 7 2 
( d) H H H Et 1. 2 5 + 0. 0 3 2 5 0 + 0. 7 9 
( e) H H H Ph 0. 1 1 + o. 0 2 2 4 0 - 0 .3 5 
( i ) H H H OMe -0.3 2 + o.o 2 2 5 0 - 0. 7 8 
( k) H H Me H 0 .9 5 + 0. 0 1 2 4 5 + 0 .4 9 
( I ) Me H H H 1.00 + 0 .o 2 2 5 0 + 0. 5 4 
-
(m) H Me H H 0. 7 8 + 0.0 4 2 4 5 + 0 .3 2 
-
( n) H H Me Me 1. 5 7 + 0. 0 3 2 5 0 + 1. 11 
-
( o) Me H H Me 1. 6 7 + 0. 0 2 2 5 0 + 1. 2 1 
-
( P) H Me H Me 1. 5 1 + 0. 0 4 2 5 0 + 1. 0 5 
-
( q) Me H Me H C.1.2 5 250 + 0 .7 9 
( r) Et H Et H 1.4 9 + 0. 0 4 2 4 5 + 1 .o 3 
-
( s) Me H Me Me 2 .o 3 + 0. 0 4 2 5 0 + 1.57 
( t) Me H Me Et 2 .1 0 + 0.0 2 2 5 0 + 1.64 
-
( u) Et H Et Me 2.1 6 + o. 0 5 2 5 0 + 1. 7 0 
6pf =p K of compound less 
a a 
that of t he parent compound (II . 28a) 
32c . 
Scheme II-1 
~J c~N +L~ 
-1J CQl (II. 2 7ab) (II . 27aa) 
~c:1 ~ (II.27a) +L! 
(II . 27ac) ( II. 27ad) 
c~NJ c~ 
+I_] +l~ (N 
-"L/ 
( II. 2 Bab) (II.2Baa) ccN 
(XN 
t;N~ 
-~ 
LI 
+I~ 
( II.2Ba ) 
+I 
N N 
(II. 2Bac) ( II. 2 Bad) 
apparently attributable to a single methyl substituent 
in the s-triazolo[4 , 3-a ]pyrimidine (II.27 a) , decreased 
in order R4 (0.48) > R1 (0.42) > R3 (0.31) > R2 (0.28) . 
The t pKa changes in the s -triazolo[l,5-a ]pyrimidines 
(II.28) similarly decreased in the order R4 (0.72) 
> R1 (0.54) > R3 (0 . 49) > R2 (0.32). In dimethylated 
s-triazolo[4,3-a ]pyrimidines (II . 27), the t pK changes 
a 
decreased in the order R1 and R4 (0.89) > R2 and R4 (0.82) 
> R1 and R3 (0.75) > R3 and R4 (0.70); the weak effect 
of the two methyl substituents (R3 and R4 ) in (II . 27n) 
could be due to some steric hindrance between the 3- and 
33. 
5-methyl groups . This was confirmed in molecular models. 
In the s -triazolo[l,5-a ]py rimidine (II.28), the t pK 
a 
chang es decreased in order R1 and R4 (1. 21) > R3 and R4 
(1.11) > R2 and R4 (1.05) > R1 and R3 (e . 0.79) (see 
Table II-4 and II-5). A phenyl or methoxy group at R4 
in both the triazolopyrimidine rings brought about a 
decrease in the basic ionization constant because of the 
mild electron-withdrawal rather than electron-release. 
The neutral species o f s -triazolopyrimidines are 
presumably almost planar molecules on which protonation 
will take place at N-1 or N-8 in s -triazolo[4,3-a ]pyrim-
idine s (II.27) or on N-3 or N-4 in s -triazolo[l , 5-a )-
pyrimidines (II . 28); if the protonation were to occur on 
the bridgehead nitrogen atom, it would require consider-
able energy to bring about the necessary distortion of 
each molecule. Resonance structures (Scheme II-1) can 
be written for the possible s -triazolopyrimidine cations 
stabilized by resonance. lExisting ionization and 
ultraviolet spectral measurements indicated that 
protonation occurred on N-1 in the case of 
s -triazolo[4 ,3-a ]pyridine and s -triazolo[l,5-a]pyridine 
(Armarego, 1965); pmr spectroscopy suggested that 
triazolo[l,5-a]pyrimidines (II.28) were also protonated 
on N-1 (Paudler and Helmick, 1968) .] (Cf. Scheme II-2) . 
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II-4 Rearrangement Rates of s -Triazolo[4,3-a]pyrimidines 
into s -Triazolo[l,5-a]pyrimidines 
II-4-A Introduction 
s-Triazolo [4,3-a]pyrimidines (II . 27) undergo a 
rearrangement into s -triazolo[l,5-a]pyrimidines (II . 28) 
in a manner quite similar to the Dimroth rearrangement 
of iminopyrimidines (cf. Chapter I). This Dimroth-like 
rearrangement of (II . 27) has been effected in base , in 
acid , or in neutral media (thermally induced) as a 
preparative route to the isomers (II . 28) . However, no 
study of the rearrangement as such has been reported , 
apart from some qualitative spectral observations 
(Beckett, Spickett, and Wright, 1968), some structural 
investigations (Allen et ai ., 1959a),and its inclusion 
in a thoughtful survey of such isomerizations occurring 
in several ' polyazaindolizine ' series (Guerret, Jacquier, 
and Maury, 1971) . 
Accordingly , the parent s-triazolopyrimidines 
(II.27a and II . 28a) and a number of their C-alkylated 
or alkoxylated derivatives were investigated . The 
Scheme II-2 
Electron Density Calculations by PPP-procedure 
(Glier et a l ., 1972) 
a (0.667 , 
a (0.685 , 
1.025 1.291 
0 . 93: I o.866 
3
·
884 ) LJAN l 314 1.581 I· 
0.947 1 . 241 
(II.27a) 
0.792 
l . 037CN 1.308 
0.900 
3 . 875b ) I 0 . 808 
1.542 rN 1.394 
1 . 446 LJ0.767 
(II.28a) 
aHMO method given by Cuerret et al . 1971 
b CND0-2 method 
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enhancement of the rearrangement rate by electron-
depletion of the reaction site (the 5-position of 
s -triazolo[4 , 3-a]pyrimidine) , the decrease in rate 
by electron-enrichment, the effects on rate caused 
by variation in pH (or H0 ) of the reaction media , and 
the effects caused by steric factors resulting from 
' non-functional ' substituents at specific sites, were 
all investigated in the present study. 
Details of the procedure for rate measurement are 
included in the Experimental section. The half-time 
(tk) values for the rearrangement of the s -triazolo 
2 
35. 
[4,3-a]pyrimidines (II.27) in the isomers (II . 28) were 
obtained by plotting log (optical density) against time. 
II-4-B Discussion of the rate (II.27a) ~ (II.28a) 
The rearrangement of s -triazolo[4,3-a]pyr imidine 
consists of two distinct reactions, ring-opening and 
ring-reclosure . The susceptibility to rearrangement 
of s -triazolo[4,3-a]pyr imidine (II.27a) into 
s-triazolo[l,5-a]pyrimidine (II.28a) was found by 
measuring the time for half the (II.27a) to disappear 
or for half the s-triazolo[l,5-a]pyrimidine (II.28a) 
to appear under standardized conditions of pH (or H0 ) 
and temperature . This disappearance or appearance 
was evident in the change of ultraviolet spectra against 
time at a convenient wavelength. Thus the spectrum of 
s-triazolo[4,3-a]pyrimidine (II . 27a) changed progress-
ively at 270 nm and 300 nm until after several minutes 
36. 
it approximated to that o f authentic s -triazolo[l,5-a ]-
pyrimidine (II.28a) (Fig.II-5). The plot of log (optical 
density) at 300 nm against time was rectilinear, indic-
ating that the disappearance of s-triazolo[4,3-a ]pyrim-
idine (II . 27a) was a reaction of the first-order with 
t k = 12 min (Fig.II-6). 
2 The formation of s -triazolo-
(1,5-a]pyrimidine (II.28a), exhibited by the rise of the 
peak at 272 mµ, indicated the same rate . Moreover, the 
existence of isosbestic points throughout the reaction 
at 242 nm and 285 nm suggested that only two light-
absorbing species were present, thus virtually excluding 
any appreciable build-up of intermediate; hence the 
rearrangement must consist of a relatively slow (rate-
determining) ring-fission foll owed by a relatively rapid 
reclosure. 
Classical Dimroth rearrangements have usually 
occurred only to neutral molecules under alkaline 
conditions, although some weakly basic substrates have 
undergone rearrangement only under acidic conditions 
(Brown, 1968; Wahren, 1969). In contrast , the 
s-triazolo[4,3-a ]pyrimidines (II . 27) underwent rearrange-
ment in both alkaline and acidic media but not under 
neutral conditions . 
rearrangement rates 
Thus (Fig.II-7) shows the 
(t~ ) which were calculated from 
2 
the appearance of s -triazolo[l ,5-a ]pyrimidine (II . 28a) 
in the various acidic and alkaline media (reaction temp. : 
acid, so 0 c; base , 22°c) . That is, the rate of the 
parent compound (II.27a; or A, R=H) rose steeply in the 
. 
-
30 0 0 
1000 
240 
36a . 
260 280 300 32 0 340 
Wavelength ( nm) 
Fig. II-5. Ultraviolet absorption spectra of a solution 
at 50° and pH 2 . 16 initially containing s - triazolo 
[4 , 3-a ]pyrimidine and recorded after 0 min (A), 
5 min (B) , 10 min (C) , 15 min (D), 20 min (E) , 
35 min (F) , and 80 min (G) . 
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range pH 10-12 . 5 (curve c ) , but in the range pH 0-3.5, 
the rate was maximal o . pH 1 . 7 and fell off in both 
37. 
di r ections (curve a) . The 3-ethyl derivative (II . 27c ; 
or A, R=Et) behaved similarly (curve band d) . In each 
case , the maximal rate in acidic media occurred at a pH 
value approximating to the p K value (Table II-4) of 
a 
the respective substrate. The reason for this apparent 
correlation was not obvious, but it could have resulted 
f r om two opposing influences: (i) hydrogen ion catalysis 
of the ring fission (II. 27a + II. 32) , and (ii) progressive 
stabilization of the substrate (II . 27a) as its cation . 
{II. 32) 
The rearrangement rate of s -triazolo[4 , 3-a ]pyrimidine 
0 0 0 (II . 27a) was measured at 30 , 40 , and 50 in pH 1.07 
solution , and also at 10°, 22°, and 30° in pH 11 . 35 
solution , respectively , by the spectrometric method 
outlined above . Fig . II-8 shows the rates of change in 
optical density at three temperatures of the parent 
compound (II.27a) at 270 nm and pH 1 . 07: the rate at 30° 
( ti = 85 min) was about 3-fold slower than at 40° 
'2 
( ti = 
'2 
27 min) and about 6-fold slowe r than at 50° 
( ti = 
'2 
14 . 5 min) . Similarly , (Fig . II-9) shows the rates 
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measured at 272 nm and pH 11. 35: the rate at 10° 
( t k: = 
2 
( tl = ~ 
( t k: = 
2 
53 min) was about 4-fold slower than at 
14 min) and about 6-fold slower than at 
9 min) . 
II-4-C Discussion of substituent effects 
on rearrangement of (II.27a) 
22° 
30° 
The rate of rearrangement of the parent compound 
(II.27a) was affected profoundly and in the same 
direction by substitution, whether in acidic or 
alkaline media (Table II-6). However, the t 1 values ~ 
at pH 11.35 were probably the more meaningful because 
those at pH 1 . 07 must have reflected , albeit mildly , 
the small but significant variation in p K of the 
a 
substrates. The following discussion has therefore 
38. 
been based on the rearrangement rates in alkaline media . 
The addition of a 3-methyl substituent (II.27c) to 
the parent compound (II . 27a) produced a half-unit 
increase in pK (II.27a, 1 . 53 ; II.27c, 2.01) and an 
a 
appreciable decrease in the rate of rearrangement. This 
effect is seen as resulting from electron-donation by 
the substituent to a TI-electron deficient system 
(cf . Brown and Harper , 1963 and 1965). The addition 
of a 3-ethyl substituent (II.27d, p Ka 2.07) also 
resulted in a decrease in the rate. In contrast, an 
electron-withdrawing 3-phenyl group (II . 27e) lowered 
the pK (1.33) and slightly increased the rate of 
a 
rearrangement on two counts : (i) destabilization by 
electron-withdrawal from the TI -systems , and (ii) a 
steric hindrance between the phenyl group and 
38a . 
Table ll- 6 Re arrangeme nt Rates 
R1 
H+or OH- :u (II·28) 
R4-_-_-_-___:~• ~ j R4 
(II·27)3 
R 
Substituent 
Rl R2 R3 R4 
( a) H H H H 
( C) H H H Me 
( d) H H H Et 
\ e) H H H Ph 
\ k) H H Me H 
( I ) Me H H H 
(m) H Me H H 
( n) H H Me Me 
( o) Me H H Me 
( P) H Me H Me 
(q) Me H Me H 
(_ r) Et H Et H 
( s) Me H Me Me 
( t) Me H Me Et 
(u) Et H Et Me 
tx at 50° 
2 and 
PH 1.07 
min. 
1 4 .5 a 
2 9.0 
2 3 .o 
4.0 
2 3 4 0 
3 8 5 
1 7 0 
6 5 0 
7 3 0 
4 1 0 
2 1 0 0 
1 6 2 0 
1 0 4 0 0 
4 3 8 0 
6 5 0 
¼ at 22° 
2 and 
PH 11.35 
7;in. 
1 4.0 
1 6. 5 
2 5. 0 C 
1 3.5 
9 0 0 
6 8 
8 0 
1 1 9 0 
1 0 0 
1 1 0 
7 3 8 0 
3 1 2 0 
3 5 4 0 0 
6 4 2 0 
2 9 9 0 
a O ob. 9· 0° 85 min at 30; 27 min at40 53mm atl0; min at3 . 
C • • 19 m,n at 30. 
the 5-proton (recognised jn a molecular model) . 
Unfortunately, further examples of these ef fects 
by 3-p-nitrophenyl , 3-p-chlorophenyl , or 3-styryl 
substitution (II.27 f-h) proved too sparingly soluble 
fo r measurement . The 3-alkoxytriazolopyrimidines 
(II . 27i and II . 27j) could not be prepared because of 
their rapid rearrangement . 
When alkyl groups were attached to the pyrimidine 
ring of (II.27a), the rates were decreased markedly . 
The 7-methyl and 6- methyl isomers (II . 27l and II.27m) 
behaved rather similarly (t 1 = 68 and 80 min , 
'2 
39 . 
respectively) but the 5-methyl isomer (II.27k) rearranged 
very much more slowly (tk = 900 min) . 
2 
This was probably 
due to (i) steric hindrance by the 5-methyl group to 
attack by hydroxy ion at the 5-position prior to the 
ring fission, and (ii) a stronger inductive effect on 
the 4,5-bond than its isomers . For the same reason , 
the 3 , 5-dimethyl derivative (II . 27n) rearranged much more 
slowly than its isomers (II . 27o and II.27p). [The rate 
for the 3 , 5-dimethyl derivative (II . 27n) in acidic media 
was somewhat anomalous . ] Thus steric hindrance between 
3- and 5-methyl groups was very evident in a molecular 
model : this provided the driving force for rearrangement 
into the more stable 2 , 5-dimethyl isomer (II . 28n) . The 
slowest rearrangement occurred in the 3 , 5 , 7-trimethyl 
derivative (II.27s) (tk = 10 , 400 min in acid; 35,400 min 
2 
in base) . The corresponding 3- ethyl derivative 
rearranged slightly faster because of the steric effect 
between the 3- and 5-substituents . 
II-4-D Discussion of me chani sm f or the 
Dimroth- like rearrangement 
The rearrangement of s -triazolo[4,3-a )pyrimidines 
(I I . 27) into s -triazolo[l , 5 - a ]pyrimidines (II . 28) can 
occur in acid , in base , or thermally . 
The initial step in the acid catalysed reaction 
probably involves protonation on the 1 - or 8-position 
40 . 
of the ring (II.27), shown in Scheme II-3 . Since the 
e l ectron-density diagrams of Glier, Dietz , Scholz , and 
Fischer (1972) (calculated by means of the PPP-procedure), 
and those of Cuerret, Jacquier , and Maury (1971) for the 
total TI - electron density (by HMO) and total electron-
density (by CNDO-2) indicate that position-5 is the most 
electrophilic, the next step is probably hydronium ion 
attack at that position . This is followed by ring 
opening, rotation along the 8 : 8a-bond axis, and 
finally recyclization with elimination of water. 
The initial step in the base catalyse d reaction 
involves nucleophilic attack by HO at position- 5; 
this is followed by ring-opening, rotation , and 
recyclization with elimination of water to give the 
more stable s -triazolo[l,5-a )pyrimidines (II.28 ) 
(Scheme II-4) . Thus the rearrangement in both media 
consisted of a slow (rate-determination) ring fission 
followed by a relatively rapid reclosure . 
The initial step in dry thermal rearrangement is 
probably the formation of a zwitterionic inte rmediate 
by rupture of the 4 , 5-bond; this is followed by ring-
recyclization to give the isomer (II . 28) (Scheme II - 5). 
~Oa . 
Sc h e me 11 - 3 
(II.27) 
R R R R 
:c~" ~~" :f'r .. :Q c~A () Hu 
./µ H-0 u L~" H-0 I R R R 
H R (II. 28) 
40b. 
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II-5 Confirmation of Structures by P.M . R. Spectra 
Proton magnetic resonance spectroscopy proved 
invaluable in determining whether s -triazolo[4,3-a ]-
pyrimidines or the isomeric s -triazolo[l,5-a ]pyrimidines 
resulted from a given reaction . P . m.r. data for only a 
few s - triazolo[4,3-a ]pyrimidines (Paudler and Helmick, 
1966; Reimlinger and Peiren , 1970) and a few 
s -triazolo[l,5-a ]pyrimidines (Paudl~r and Helmick , 
1966; Makisumi, Watanabe and Tori , 1964) have been 
reported previously. 
II-5-A The assignment of chemical shifts 
The p . m. r . spectra of s -triazolo[4,3-a ]pyrimidines 
(II . 27) and their [1 , 5- a ] isomers (II.28) (both ten 
TI -electron systems with bridgehead nitrogen atoms) were 
measured : the chemical shifts and coupling constants are 
listed in Table II-7 and II-8 . It has been recognised 
that the proton resonance shift in aromatic molecules 
tends to reflect the TI -electron density on the carbon 
atom to which the proton is bonded; accordingly the 
assignment of peaks in the s -triazolopyrimidine spectra 
was seen as parallel with the TI -electron densities 
within the rings. Fig . II-10 shows the spectra of the 
parent compounds, (II.27a) and (II.28a). The most 
prominent peaks in these were singlets, which by first 
order analysis may be ascribable to H3 ( 6= 9.26) and 
H2 ( 6= 8 . 65) , respectively; moreover these peaks were 
absent in the corresponding 3- and 2-methyl derivatives . 
Fig. JI-10 P.m.r. Spectra at 35° in (CD3 )2 SO 
9. 2 6 ( H 3) ( Sch i ft s in O ; J. in Hz) 
9.00 (HS) 
~ 8.73(H 7) J=7D J_:2 1=4 
1=2 
H HCN 
H •,,..l, ti H 
x3~~76) 
~ ~J_:4 
H x:::7) 
A AJ=2 
8.89 Ac;:J // s.ss c H 2 J 
~ ~ J_:2 
A:,(; 6) 
~~ J_:4 
H 
A 
~ 
:., 
Table II-7 P . m.r. spectral data of some s-triazolo[4.3-a)pyrimidines (II.27l 41b. 
(II. 27) 
Substituents Chemical shiftsa Coupling constants 
(llzl 
Rl R2 R3 R4 6 3 65 66 6 7 J5 , 6 J5,7 J6 ,7 Solvent 
(al H H H H 9. 26 (sl 9.00 (ql 7 .13 (ql 8.73 (ql 7 2 DMSO 
9.48 9.43 (ml 7.88 (ql 9.43 (m) 7 2 4 TFA 
(s' br) 
(c) H H H Me (2. 6 7) ( s) 8.78 (q) 7 . 03 (q) 8.63 (q) 7 2 4 DMSO 
(d) b II II II Et (3.l O)c(q) 8.90 (q) 7.09 (ql 8.70 (q) 7 2 DMSO 
(e) H H H Ph d 9.00 (q) 7 .13 (q) 8 . 75 (q) 7 2 4 DMSO 
e 9.18 (q) 7.80 (q) 9.35 (q) 7 2 TFA 
( f) II H H p -C 6 H4Cl 
_r 9.20 (m) 7. 73 (ml 9.20 (ml TFA 
(g) b H H H p -C 6 H4 No 2 
_g 9.26 (ql 7 . 87 (ql 9.39 (ql 7 2 TFA 
(hlb H H H CH:CHPh h 9 . 20 (ml 7.74 (ql 9.20 (ml 7 2 TFA 
(kl H Ii Me H 9.32 (s) (2. 7 3) ( s) 6.98 (dl 8.62 (d) DMSO 
(1) Me H H H 9 .13 (s) 8.85 (dl 7.02 (dl ( 2 . 55) ( sl 7 DMSO 
(m) b Ii Me H H 9.24 (sl 8.86(d,ql (2 . 38l (d) 8.69 (dl li 2 DMSO 
(nl H H Me Me (2. 91) (sl ( 2. 88l (d) 6.83 (ql 8 . 47 (dl l i 4 DMSO 
(ol Me H H Me (2. 63) (sl 8.68 (dl 6.97 (dl (2. 53l (sl 7 DMSO 
(pl H Me H Me ( 2. 63l ( s) 8.62 (ql (2. 32l (d) 8.55 (dl l i 2 DMSO 
(ql Me H Me H 9.22 (s) (2. 68l (d) 6.90 (dl ( 2. 52l ( s) li DMSO 
( rl Et H Et II 9.37 (sl (3.lO) j (ql 6.97(s,brl (2 . 90lk(ql DMSO 
(s) b Me H ' Me Me ( 2. 87l ( s ) (2. 83l (dl 6.75 (q) ( 2 . 4 8l (s) l i DMSO 
(t) Me II Me Et (3.28l l (q) (2.80l (d) 6 . 72(s,br) (2.4 5) (s) l i DMSO 
(u) Et H Et Me ( 2. 87l ( s) (3.25l m(q l 6.75(s,br) (2 . 80l"(q) DMSO 
41c. 
Table II-7 continued (page 2) 
Footnotes: 
a 
b 
C 
d 
e 
f 
g 
h 
j 
k 
L 
m 
n 
The p.m.r. spectra were measured in (co 3) 2so or CF 3co2H at 35° and 60 MHz with Me 4Si 
os int e rnal Atondard . Th V1' lunn in par<'nLh<'AOn r<'for Lo mC'thyl . 
These compounds were measured at 100 MHz and 32°. 
The figure shown is CH 2 o f Et, J 7.4; Me of Et; 1.38 , t, J 7.4 . 
7.60 , m, H3'+H4'+H5'; 7.93, m, H2'+H6'. 
7.87 , s, br, Ph. 
7. 73, m, Ph, 
8.22 , d, J 9 , H2'+H6'; 8 . 59, d, J 9, H3'+H5'. 
7.29, d,Jl6, PhCH; CH; 7.40, m, H3 ' +H4 ' +H5'; 7 . 64, m, H2'+H6'; 8,08, d, J 16, Ph CH;CH. 
CH 3 -H coupling. 
The figure shown is CH 2 of 5-Et, J 7; Me of 5 - Et 1. 37, t' J 7. 
The figure shown is CH 2 of 7-Et, J 7; Me of 7-Et 
; 1. 30 , t , J 7. 
The figure shown is CH 2 of Et , J 7; Me of Et 
; 1. 38, t, J 7. 
The figure shown is CH 2 of 5-Et, ,J 7; Me of 5-Et 1. 29, t' J 7. 
The figure shown is CH 2 of 7-Et, J 7; Me of 7-Et 1. 25, t, J 7 . 
Table II-8 P.m.r. spectral data of some s -triazolo (l ,5-a]pyrimidines 4ld. (II.28) 
Rl )t~ 
I~ N 4 
n 
(II.28) 
Substitucnts Chcmiclll shif 8 a Coupling constllnts 
(Hz) 
Rl R2 R3 R4 62 65 66 67 JS, 6 J 5, 7 J6, 7 Solvent 
(a) II 11 II II 8.65 (s) 8.89 (CJ) 7 . 37 (CJ) 9.40 (CJ) 4 2 7 DMSO 
(cl H H H Me (2. SO) (s) 8. 77 (q) 7.23 (q) 9.25 (q) 2 7 DMSO 
(d) H H H Et (2.90)b (q) 8.87 (q) 7. 32 (q) 9.33 (q) 2 7 DMSO 
(c) 11 11 11 Ph C 8.97 (q) 7.42 (q) 9.48 (q) 2 7 DMSO 
d 9 . 33 (q) 7 . 92 (q) 9.38 (q) 2 7 TFA 
( f) H H H p -c6 tt 4Cl -
e 8.77 (q) 7.25 (q) 9 . 28 (q) 2 7 DMSO 
_r 9. 35 (m) 7.88 (q) 9.35 (m) 7 TF/1 
(g)g H H fl p -c6H4No2 
h 9.38 (m) 7.96 (q) 9. 38 (m) 2 7 TFA 
(h) g H H H CH=CHPh i 9.24 (ml 7.82 (q) 9.24 (ml 4 2 7 TFA 
( i) II 11 11 OMc ( 4 .03)j (s) 8.73 (q) 7.25 (q) 9.20 (q) 4 2 7 DMSO 
()c) H H Me H 8.67 (s) 8.80 (d) 7.30 (d) ( 2. 82) (s) 4 DMSO 
(1) Me H H H 8.S8 (s) (2. 63] (s) 7.27 (d) 9 . 25 (d) 7 DMSO 
(ml H Me 11 fl 8.60 (s) 8.80 (d) ( 2. 40) (d) 9.25 (ml 2 lk DMSO 
(n) H H Me Me ( 2. 56) ( s) 8.82 (d) 7.32 (q) (2. 80] (d) lk DMSO 
(o) Me H H Me ( 2. 4 5) ( s) ( 2. 60) ( s) 7.15 (d) 9.10 (d) 7 DMSO 
(p) H Me H Me ( 2 . 4 7) (s) 8.70 (d) (2. 37) (d) 9.10 (q) 2 l k DMSO 
(q) Me H Me H 8.52 (s) ( 2. 57) ( s) 7 .13 (s) ( 2. 73) (s) DMSO 
(r) Et H Et H 8.63 (s) (2.93l i<ql 7. 23 (s,br) (3.18)m(q) DMSO 
(s) Me H Me Me ( 2 . 4 5) (s) ( 2. 52) ( s) 7.03 Cs) ( 2. 6 7) ( s) DMSO 
(t) Me H Mc Et (2. 72) " (q) (2 . 55) (s) 7.05 (q) (2. 68) (d) l k DMSO 
(u) Et H Et Me ( 2. SO) (s) (2. 88) o (q) 7.lO(s,br) (3.12)P(q) DMSO 
a 
I, 
d 
C 
r 
g 
h 
i 
j 
k 
Ill 
rl 
a 
p 
Table II -8 continued (page 2) 
footnotes: 
as internal standard. The values in parentheses r e fer to methyl. 
The figure shown is CH 2 of Et, J 7; Me of Et = 1.33, 
7.G0, m, II)' I 114' I II~ ' ; 0 . J 2 , m, 112 ' Ill(, ' . 
7. 7 7, m, H3'+H4'+H5'; 8 . 27 , m, H2'+H6'. 
7. 4 8, d , J 9' II)' +H S ' ; 8 . 12, d , J 9 ' 11 2 ' +116 ' . 
7.63 , d , J 9, H3 ' +H5'; 8.17 , d , J 9, H2'+H6 ' . 
These compounds were measur e d at 100 MHz and 32°. 
8.51 , s, br , H2 ' Hl3'+HS'+H6'. 
t' J 7. 
4le . 
7 . 17, d, J 16, PhCH= CH ; 7.44, m, H3'+H4 ' +H5'; 7 .4 6, m, H2'+H6'; 8.08, d, ,/ 16, PhC/l=CH . 
Th e figure shown is Me of OMe. 
CH 3-H coupling. 
The figure shown is CH 2 of 5-Et , J ? ; Me of 5 - Et 1.32 , t, .! 7. 
The f igure shown is CH 2 of 7- Et , J 7; Me of 7- Et = 1.38, t , J 7 . 
The figure shown is CH 2 of Et , J 7 ; Me of Et= 1. 32, t , J 7. 
The figure shown is CH 2 of 5 - Et , J ?; Me of 5-Et 
The figure s hown is CH 2 of 7-Et, J 7; Me of 7-Et 
1.30, t , J 7. 
1.35 , t, J 7. 
42. 
Other s -triazolo[4,3-a ] p yrimidines (II .27) with an H3 
showed a singlet in the region of o 9.1-9.4 [(co 3 ) 2so); 
s-triazolo[l ,5-a]pyrimidines (II.28) with an H2 showed 
a singlet at o 8.5-8.7 [(co3 ) 2so]. 
The most shielded protons of the parent compounds 
(II.27a) and (II.28a) showed [in (co 3 ) 2so] quartet 
signals which were distinctly separated from the 
other three peaks and centred at o 7.13 and 7.37, 
respectively. These signals disappeared in 
6-substituted derivatives; turned into doublets by 
introducing a substituent at CS or C7, respectively; 
and became singlets in the 5,7-disubstituted derivatives. 
Spectra of other s -triazolo[4,3-a ]pyrimidines (II . 27) 
and s -triazolo[l,5-a ]pyrimidines (II.28) with an H6 
showed such signals in the region o 6.7-7.1 and 7 . 0-7.4, 
respectively . The coupling constants (J ) observed in 
such quartets of the parent compounds (II.27a) and 
(II.28a) and their derivatives were 4 and 7 Hz . These 
coupling constants were produced by splitting between 
two magnetically unequivalent protons (H5-H6 and H6-H7). 
The more deshielded protons in each spectrum 
appeared as a pair of doublet signals of e qual intensity 
and spacing. These we re assigned to HS and H7 . 
Although assignment of these individual protons on the 
basis of chemical shift was difficult, inspection of 
the coupling constants ( J 5 16 and J 5 17 ) in the parent 
compounds (II.27a) and (II.28a) and in the 5- and 7-
substituted derivatives, permitte d assignment . Thus 
J 5 16 , in s -triazolo[4,3-a]pyrimidines (II.27), 
as observed in the H6 signals of 7-methyl- and 
3,7-dimethyl-s-triazolo[4 , 3-a]-pyrimidines (II.27l) 
and (II.270) were 7 Hz , whereas .J 6 17 as seen in 
5-methyl- and 3,5-dimethyl-s-triazolo[4,3-a]-
pyrimidines (II.27k) and (II.27n) were 4 Hz . 
Hence the higher field quartets with J 2 and J 4 
represented H7 whereas the other peaks with J 2 
and J 7 represented HS. 
to them-coupling J 5 17 . 
The J 2 values were due 
On the other hand, in 
43. 
the spectra of s -triazolo[l ,5-a]pyrimidines (II.28), 
J 516 in 7-methyl and 2 , 7-dimethyl-derivatives 
(II.28k) and (II.28n) was 4 Hz, while J 6 17 in the 
5-methyl- and 2,5-dimethyl-derivatives (II.28l) 
and (II.280) was 7 Hz . Hence the higher field 
peak with J 4 and J 2 was HS and the other peak 
with J 2 and J 7 was H7. As before, J 2 
represented m-coupling. In general , in the spectra 
of s -triazolo[4,3-a]pyrimidine s (II.27) HS and H7 
appeared at o 8.6-9.0 , and o 8 . 5-8.7, respectively; 
in the spectra of s -triazolo[l,5-a]pyrimidines 
(II.28) HS and H7 appeared at o 8.7-9.0 and 
o 9.1-9.5, respectively. 
II-5-B Discussion of the effec ts of methyl 
substituents 
It is well known that the replacement of a 
hydrogen (attached to an aromatic ring) by a methyl 
group causes an increase in shielding of the proton 
44. 
on the carbon orth o to that replaced (Pople, Schneider , 
and Bernstein, 1959). This fact has been explained in 
terms of electron transfer (donation) from the methyl 
group to the aromatic ring through its inductive and 
mesomeric effect. The effects of additional methyl 
groups on the spectra of a number of substituted 
s -triazolo[l,5-a]pyrimidines have been recorded 
, 
(Makisumi, Watanabe, and Tori, 1964) but few 
s -triazolo[4,3-a ]pyrimidines have been so studied 
(Paudler and Helmick, 1966). 
Table II-9 shows the effect of an added methyl 
group on the chemical shift of each remaining ring 
proton in the system (II . 27a) . A negative sign 
indicates a shift to higher field on introduction of a 
methyl group into the parent compound (II . 27a) . The 
average effect on each ring proton by introducing a 
3- , 5-, 6-, or 7-methyl group was -0.14, -0.07, -0.07, 
or -0.]3 p.p.m. , respectively. The evident lack of 
uniformity in the effect of each methyl group can be 
rationalized at least in some particular cases. For 
example , the effect due to a 3-methyl group in (II . 27c) 
was greatest on HS due to the shielding effect of the 
methyl group. In contrast, the effect of a 5-methyl 
44a . 
Table II-9 Methyl substituent ef fects in the 
s - triazolo(4 , 3-a ]pyrimidine (11 . 27) 
The Effect due to I-Ethyl 
(Substituted)-(Reference) 
effect due to 3-rrethyl 
(II . 27c)-(II. 27a) 
effect due to 5-rrethyl 
(II.27k)-(II. 27a) 
effect due to 6-rrethyl 
(II . 27m) - (II . 27a) 
effect due to 7-rrethyl 
(II . 27£.)-(II. 27a) 
Olemical shift changes (o) Average 
effect 
-0 . 22 - 0 . 10 -0 . 1() - 0.14 
+0 . 06 - 0 . 15 - 0 . 11 - 0 . 07 
-0 . 02 - 0 .14 - 0 . 04 - 0.07 
-0 . 13 -0 . 15 -0.11 - 0 . 13 
45. 
group in (II.27k) was minimal on H3! Again, the effect 
of a 6-methyl group in (II . 27m) was much larger on HS 
than on H7 : this difference cannot be due to a simple 
resonance or inductive effect because each proton is 
ortho to the methyl group, but it would arise from the 
double bond character of CS - C6 being greater than 
that of C6 - C7. 
The TT -bond orders for CS - C6 and C6 - C7 in the 
s -triazolo[l,5-a ]pyrimidine series (II.28) were 
calculated by Ohtsuru, Tori, and Watanabe (1967) as 
0.596 and 0.741, respectively: in the s -triazolo[4,3-a] -
pyrimidine series (II.27), similar divergent values may 
presumably be expected, but due to the different 
numbering the CS - C6 bond will be of a higher order 
than the C6 - C7 bond. Moreover, the relatively large 
bond order of the C6 - C7 bond in the s -triazolo[l,5-a] -
pyrimidines (II.28) is presumably responsible for the 
existence of a long-range coupling (1 Hz) between the 
methyl group at either C6 or C7 and the ring proton H7 
or H6, respectively (see Table II-8: compounds II.28m, 
n, p, and t). On the other hand , in the s -triazolo-
(4,3-a ]pyrimidines (II.27), the relatively large bond 
order of the CS - C6 bond induced a long-range coupling 
(1 Hz) between a methyl group at either CS or C6 and a 
ring proton , H6 or HS , respectively (see Table II-7: 
compounds II.27m, n , p , q, s, and t). 
In the s -triazolo[l,5-a]pyrimidine (II.28), the 
effect of a methyl group on the shift of each ring 
proton is shown in Table II-10 . The average effect 
45a. 
Table II-10 Methyl substituent effect in the 
s -triazolo[l,5-a]pyrimidine (II.28) 
The Effect due to M2thyl 
(Substituted)-(Reference) 
effect due to 2-methyl 
(II. 28c)-(II. 28a) 
effect due to 5-methyl 
(II. 28e.)-(II. 28a) 
effect due to 6-rrethyl 
(II. 28m)-(II. 28a) 
effect due to 7-methyl 
(II. 28k)-(II. 28a) 
Olanical shift changes ( o) Average 
effect 
-0.12 -0.14 -0.15 -0.14 
-0.07 -0.10 -0.15 -0.11 
-0.05 -0.09 -0.15 -0.10 
+0.02 -0.09 -0.07 -0.05 
4 6. 
on each ring C-H by a 2-, 5-, 6-, or 7-methyl group 
was -0.14, -0.11, -0.10, or -0.05 p . p. m., respectively. 
The effect of the 2-methyl group in (II.28c) was almost 
the same on each ring proton; the effect of the other 
methyl group in appropriate derivatives was generally 
parallel to similar derivatives in the [4,3- a ] series 
(allowing for the difference in numbering!). 
[Makisumi and coworkers (1964) have reported the effect 
of methyl substituents on the protons in s -triazolo-
[1,5- a ]pyrimidines (II.28): they observed a correlation 
between the proton chemical shift and local TT -electron 
density on the carbon atom to which the proton was 
bonded, and ~he charge densities determined from proton 
chemical shifts showed a remarkably good correspondence 
with the charge distributions calculated by the simple 
Huckel MO method; in addition, a contribution to the 
shielding of the ring protons was also postulated to 
arise from the anisotropy effect of the ring nitrogen 
atoms and the field effect associate d with their 
unshared electrons. However, it was assumed that the 
effect of N8 was negligible, being equivalent to that 
2 
of a neighbouring Sp carbon on account of the delocal-
ization of the lone pair (Makisumi, Watanabe, and Tori, 
1964) ; a recent study of 13c chemical shifts in the 
imidazo[l,2-a ]pyrimidines confirmed the high degree of 
aromaticity of azaindolizines through considerable 
delocalization of the bridgehead nitrogen lone pair 
(Pugmire, Robins, Grant, and Robins, 1971) . ] 
II-5-C P . m.r. spectra of the cations 
The p .m.r. peaks for each cation occurred in the 
same order as those for the corresponding neutral 
molecule but all were moved downfield owing to the 
general reduction in TI -electron density. 
4 7. 
Pig. II-11 shows (top) the spectrum of the 
s-triazolo[4 ,3-a]pyrimidine (II.27a) in o2o ( 8 7.28, H6; 
8.82, H7 ; 8.95, HS; 9 . 18, H3). This spectrum should be 
compared with that in (co3 ) 2so ( o 7.13, H6; 8 . 73, H7; 
9.00, HS; 9.26 , H3) (see Fig. II-10) . The differences 
Scheme II-6 
in chemical shift in the two solvents are a consequence 
of different hydrogen bonding between the ring and 
solvent molecules ; presumably the upfield shifts at the 
positions 3 and 5 may be attributed to hydrogen bonding 
between these protons and the lone pair of o2o causing 
an electric-field gradie nt (Scheme II-6). The spectrum 
of s -triazolo[4,3-a ]pyrimidine (II.27a) (pKa = 1.53) in 
DCl (0
0 
= -0.45) is shown in Fig. II-11 (bottom): in 
fact, it was the spectrum of the corresponding ring 
fission product from compound (II.27a), viz . that 
encountered during the Dimroth-like rearrangement of 
10.0 
Fig. II-11 P.m.r. Spectra 
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s-triazolo[4 , 3-a]pyrimidi n e (II . 27 a ) into s -triazolo-
[1 , 5- a ]pyrimidine (II.28a) . However, 3 , 5,7 - trimethyl-
s - triazo l o [4 , 3- a]pyrimidine (II . 27s) (pK = 2 . 75) was 
a 
stable at pD 0 . 5 : the spectra in n2o and in DCl 
(cation) are shown in Fig. II-12 . These suggest that 
protonation occurs on Nl because of the downfield 
shifts of methyl group signals at positions 5 (17 Hz) 
and 7 (14 Hz) in the cation (Scheme II - 7) . If proton-
ation had occurred on NB , the downfield shift of the 
Me(+ 14) 
(+ 39)H 
~Hz=Hz(DC1) - Hz(D20) 
(+ 17)Me DC l 
(+ 16)Me 
Scheme II - 7 
methyl group at position 7 would have been more than 
those at the 5- or 3- position . The marked downfield 
shift at H6 (+ 39 Hz) is presumably due to the 
conjugation Nl , N4 (Sp 2 lone pair) , CS , and C6; the 
sp 2 orbital at N4 is strongly distorted by a nitrogen 
(Nl) which has a quadrupole moment . 
A p.m . r . s tudy of protonation in s -triazolo[l , 5 - a ]-
pyrimidines has been carried out by Paudler and Helmick 
(1968). They showed that protonation occurred at N3 . 
The p . m. r . spectra of s-triazolo[l,5-a ]pyrimidine 
( II.28a) ( p Ka = 0 . 46) in o2o and DCl cation is shown in 
Fig . II-13 : it supported their results . Thus the big 
Fig. Il-12 P.m.r. Spectra 
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( + 4 6) 
Scheme II-8 
downfield shift at H6 (+ 31 Hz) probably resulted from 
the mesomeric effect via NB as above (Scheme II-8). In 
addition, the big downfield shift at H2 (+ 46 Hz) 
suggested protonation at NJ . 
CHAPTER III 
STUDIES OF s -TRIAZOL0[4,3- a ]PYRIMIDINES 
AND s -TRIAZOLO[l ,5- c ]PYRIMIDINES 
III-1 Introduction : General Synthetic Method 
50. 
The s -triazolo[4,3-a] - and s -triazolo[l,5-a] -
pyrimidines have been used in photographic chemistry 
since 1948. By contrast the isomeric s - triazolo[4 ,3- c] -
and D-triazolo[l,5-c ]-pyrimidines were first reported 
in 1956 by Shiho, Tagami, Takahayashi and Honda. 
This paper described the reaction of 4-hydrazino-6-
methoxy-2,5-dimethylpyrimidine (III.1) with R-COOH, 
R-COCl and pyridine, or with R-COOR' to g ive monoacyl 
compounds (III.2), which on heating with phosphory l 
chloride gave the 3-alkyl-5 , 8-d imethyl-7-methoxy-
s -triazolo[4,3-c ]pyrimidines (III.3); they were also 
obtained directly from the pyrimidines and acid -
anhydrides [( RC0 ) 20]. Some five years later, 
4-hydrazinopyrimidines (III.4) were condensed with 
cyanogen chloride, cyanogen bromide, alkylthiourea, 
and guanidine to give 3-amino-5,7,8-trisubstituted-
s -triazolo[4,3-a ]pyrimidines (III.5) or 2- amino-5,7,8-
trisubstituted- s -triazolo[l,5-c ]pyrimidines (III.6) 
(Miller and Rose, 1961). The bronchodilatory activity 
shown by these triazolopyrimidines was assumed to arise 
from their formal structure resemblance to natural 
theophylline (Miller and Rose, 1963). 
OMe 
HC(OEt) 3 
-----~ 
(III.1) 
RCOOR 1 
OMe 
Me 
N 
H I 
Ho-c=N 
I 
R 
(III.2) 
(III.4) 
50a. 
OMe 
(III.3) 
R: H, Me, Et, Prop. 
isobutyl, and Ph. 
(IJI.5) 
(III.6) 
Although many such triazolopyrimid ines have 
been prepared for their pharmacological interest , 
few simple compounds have been prepared hitherto; 
moreover some existing papers have given incorrect 
structures because of the very easy isomerization 
of s-triazolo[4 , 3-c]pyrimidines into s-triazolo-
[1,5-c]pyrimidines (see Chapters II-4 and III-4). 
The s - triazolo[4 , 3- c ]- and s-triazolo[l , 5-c]-
pyrimidines have been prepared (Scheme III-1) by 
51. 
the following routes: (a) the reaction of 4-hydrazino-
pyrimidines with a one-carbon fragment such as formic 
acid , triethyl orthoester , carboxylic acid, carboxylic 
acid chloride , diethoxy methylacetate , phosgene , 
cyanogen halide , alkylthiourea, guanidine, or carbon 
disulphide ; (b) the reaction of 4-aminopyrimidines 
with g-mesitylenesulphonylhydroxylamine to give the 
corresponding ~-aminodiazinium salts which were 
transformed into s-triazolo[l ,5- c ]pyrimidines by 
treatment with acylating agents (Tamura, Kim , and 
Ikeda, 1975); and (c) the reaction of 1-methylcytosine 
with 2 , 4-dinitrophenoxyamine (DNPA) to give 3- amino-1 -
methylcytosine hydrochloride which underwent 
cyclization by treatment with ethyl orthoformate to 
yield 6-methyl-s - triazolo[l , 5-c]pyrimidin-5(6~) - one. 
51a. 
Scheme III- 1. 
(a) 
R=H , OH , S , NH 2 , alkyl 
(b) 
R=H, Me , Ph 
( C) 
R=Me 
52. 
III-2 The Preparation o f Simple s -Triazolo[4 , 3- c ]-
pyrimidines , their [1 , 5- c] Isomer s , and Precursors 
In gener al , the s-triazo lo[4 , 3- c ]pyrimidines (III . 10) 
which were isomerized to the s - triazolo[l , 5- c ]pyrimidines 
(III . 12) in acid , in alkali, or by thermal treatment, 
were prepared from the p yrimidin - 4- ylhydrazines (III.8) 
with an acy l ating agent such as an orthoester. The 
precurso r s of pyrimidin- 4- ylhydrazines were prepared by 
o ne of the convenient sequences: hydroxy + chloro + 
hydra zine ; amino + chloro + hydrazine ; or hydroxy + 
mercapto + methylthio + h ydrazine . 
The pyrimidinylhydrazine (III . Sa ) 
(Brown and Short, 1953) was condensed with triethyl 
orthoformate under mild conditions to give a separable 
mixture of the intermediate (III . 9a), the parent 
s - triazolo[4 , 3- c ]pyrimidine (III . lOa) , and its known 
(Jenko , Stanovnik , and Tisler , 1976) rearranged 
s - triazolo [ 1 , 5 - c ] -isomer ( III . 12a) ( Scheme II I - 2 , route A) . 
[Pyrimidin- 4- ylhydrazine was later obtained more 
conveniently and in better yield by hydrazinolysis of 
4- methylthiopyrimidine (III . 7; R1=R2=R3=H , R5=SMe)] . 
When the pyrimidin-4-ylhydrazine was treated with 
triethyl orthoformate , orthoacetate , or orthopropionate 
at so 0 for 1- 2 hours , the respective intermediates 
( III . 9a , III . 9e and III.9f) were obtained preferentially 
(Scheme II - 2 , route B) . The intermediate , 
~-(l-ethoxypropylidene )-~' - (pyrimidin-4-yl)hydrazine 
( III . 9f) was separated by fractional recrystallization 
into two geometric isomers , probably by virtue of one 
R2 OR3 
R1 NHNH2 
(I[, 8) 
A 
R2 
F 
(1[•11) 
I G 
R2 
B 
~ 
R1 
H 
(Jil.· 9) 
R2 f 
C( R1Jl 
R4~ 
(][,10) 
+ 
R2 
(]I•12) 
Scheme m-2 
E 
,-, /rl ' 
R4 
N=C-OEt 
D 
A: orthocster , 70-110° , 1-J0h . D: orthocstcr, 75 - 80°, lh . 
C : DMF, 90° , Jh. D: fusion , 180-190°, 5 min , or AcOH, boi 
lh . E : AcOII, boil , 0 . 3-12h. F: 11 20, boil, 5-20h . 
G: fusion, 10 min, or AcOH , boil , l-2h . 
S21J. 
H2 
3 
Ii + R4C(OEt)3 
R1~N HNH 2 
(III.7) (III.8) 
(III.9) ( III.10) 
Rl R2 R3 R4 
(a) H H H H R2 
(b) Me H H H ;)RJ 
( C) H Me H H 
HN 
I 
( d) H H Me H co 
( e) H H H Me 
V !IN ~N 
R I I 
( f) H H H Et R4 N 
( g) Me Me H H 
(h) Me H Me H (III.11) 
( i) Me H H Me 
( j ) H Me Me H 
(k) H Me H Me 2 
( 1) H Me H Et R3 
(m) Me Me 7' H H ls ( n) Me Me Me H 
( 0) Me Me H Me Rl N lN 
( p) Me H Me Me 14 21 
( q) H Me Me Me 
N3 R4 
( r) Me Me Me Me 
( s) Me Me Me Et 
(III.12) 
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forming a monohydrate wh ic h was sta ble d uring the 
process but capable of subsequent dehydration . These 
isomers were assigned tentatively the z- and E-
structures (III.13) and (III .1 4) on the basis of their 
n.m.r . spe ctra which were virtually identical apart 
from a marked downfield shift (0 . 13 p . p.m . ) suffered 
by HS in the former on account of the adjacent ethoxy 
group . Such a difference between geometric isomers 
could not occur in other conformations , e . g . (III . 9f) 
By heating the ethoxyalkylidene intermediates (III . 9a , 
III . 9e , and III.9f) with dimethylformamide at 90° , 
H 
(III.13) (III.14) 
the corre sponding s -triazolo(4,3- c ]pyrimidines (III . lOa, 
III . lOe , and III.lOf) , were obtained (Scheme III - 2 , 
route C) ; these isomerized into the s - triazolo(l , 5 - c ]-
pyrimidines (III . 12a , III . 12e, and III . 12f) when 
heated in glacial acetic acid or on fusion (Scheme III - 2, 
route E) . In addition , compounds (III . 12a , III.12e , 
and III .1 2f) were made from the respective intermediates 
(III.9a, III . 9e , and III . 9f) either by fusion or by 
boiling in glacial acetic acid (Scheme III - 2 ; route D); 
the same rearranged isomers (III . 12a , III . 12e , and 
III .12f) were also obtained by the direct route from the 
compound (III . 8 ; R1=R2=R3=H) with appropriate orthoesters 
54. 
at slightly higher temper a ture than those used in 
Scheme III-2, route A. The triazoles (III .lla, III.lle, 
and III.llf) were prepared by prolonged boiling in aqueous 
solution of the corresponding bicyclic compounds (III.10a 
or III.12a; III.l0e or III .12e; and III.l0f or III.12f), 
respectively (Scheme III-2, route F) . Recyclization of 
these triazoles (III.lla, III.lle, and III.llf) was 
exemplified in the conversions (III . lla) + (III.12a) and 
(III.llf) + (III.12f), either by fusion or by boiling in 
glacial acetic acid (Scheme III-2, route G). 
Appropriately alkylated starting material (III.8) 
behaved in a broadly similar way to furnish the 
s -triazolo[4,3-c]pyrimidines (III.lOb-d, g-s) and 
s-triazolo[l ,5- c]pyrimidines (III.12b-d, g -s); although 
the intermediates (III.9b-d, g-s) were detected by t.l.c. 
of appropriate reaction mixtures, they were not isolated. 
Thus 2-methylpyrimidin-4-ylhydrazine (III.8; R
1
=Me, 
R2=R3=H) (Miller and Rose, 1963) was converted by t reatment 
with triethyl orthoformate into the s -tr iazolo[4 ,3- c] -
pyrimidine (III.10b) which rearranged into the isomeric 
compound (III.12b) on heating in glacial acetic acid. 
Similarly, 6-methylpyrimidin-4-ylhydrazine (III.8; 
1 3 2 R =R =H , R =Me) (Shiho and Takahayashi, 1955) and 
1 2 3 
5-methylpyrimidin-4-ylhydrazine (III.8; R =R =H , R =Me) 
(Vanderhaeghe and Claesen, 1959) gave the compounds 
(III.10c) and (III.10d) and thence their respective 
isomers (III . 12c) and (III . 12d). The pyrimidine 
1 3 2 1 2 
intermediates (III.8; R =R =H , R =Me) and (III.8; R =R =H , 
R3=Me) were prepared by the following sequences: 
5 5 . 
2 - thio-6 - methyluracil (III . 7 ; R1 =SH, R2=Me , R3=H , Rs=OH) 
+ 6-methylpyrirnidin-4-ol (III . 7 ; R1 =R3=H, R2=Me , R5=oH) 
+ 4-chloro- 6- methylpyrimidine (III. 7 ; R1=R3=H , R2=Me, RS=Cl) 
+ 4-methylpyrimidin - 4-ylhydrazine ; 
and ethyl sodium formylpropionate plus thiourea 
+ thiothymine (III . 7 ; R1=SH, R2=H , R3=Me , R5=oH) 
+ 5-methylpyrimidin-4 - ol (III.7 ; R1=R2=H , R3=Me, R5=0H) 
+ 4-chloro - 5 - methylpyrimidine (III. 7 ; R1=R2=H , R3=Me , RS=Cl) 
+ 5-methylpyrimidin- 4- ylhydrazine . The dialkyltriazolo-
[4 , 3 - c ]pyrimidines (III . lOg - m) and (III . 12g-m) were 
prepared by similar methods from appropriate 4- hydrazino-
pyrimidines (III . 8) . The three pyrimidine intermediates 
12 3 13 2 1 (III .8; R =R =Me , R =H ; R =R =Me , R =H ; and R =H , 
2 3 R =R =Me) were prepared by the sequences : 4-arnino - 2 , 6 -
dimethylpyrimidine (III . 7; R1=R2=Me , R3=H , R5=NH 2 ) 
+ 4 - chloro-2 , 6- dimethylpyrimidine (III. 7 ; i=i=t<e , R
3
=H , R
5
=Cl) 
+ 2 , 6 - dime t hylpyrimidin- 4- ylhydrazine ; 
ethyl sodium formylpropionate plus acetamidine (in NaOEt) 
+ 2 , 5 - dimethylpyrimidin-4 - ol ( III. 7; R1=R3=Me , R2=H, R
5
=oo) 
(improved procedure ; cf .Williams , Ruehle and Finkelstein , 
1937) 4-chloro-2 , 5-dimethylpyrimidine (III . 7; R1=R3=Me , R
2
=H, R
5
=Cl) 
+ 2 , 5 - dimethylpyrimidin- 4-ylhydrazine 
and ethy l a - methylacetoacetate plus formamidine 
1 2 3 5 
+ 5 , 6-dimethyl pyr imidin- 4-o l ( III. 7 ; R =H , R =R =Me ; R =Cf!) , 
followed by c h lorination and hydrazinolysis . 
The tri - and tetra - alkyltriazolo[4 , 3- c ]pyrimidines 
( II . lOm- s) and (III . 12n-s) were prepared similarly . 
56. 
The remaining pyrimidine i ntermedia t e (III.8; Rl=R2=RJ =Me ) 
was prepared by the sequence: 
ethyl a -methylacetoacetate plus acetamidine (in NaOEt) 
+ 2 ,5,6-trimethylpyrimidin-4-ol (III.7; R1=R2=R3=Me , 
R5=OH) (improved procedure; cf . Pinner, 1889) followed 
chlorination and hydrazinolysis . 
The triazoles (III.llb and III.lli) , which 
recyclized by fusion or heating in hot glacial acetic 
acid, were isolated by prolonged boiling in aqueous 
solution of the corresponding bicyclic compounds 
(III.lob or III.12b) and (III . lOi or III . 12i) , 
respectively . 
isolated . 
Other alkylated triazoles were not 
III-3 Ultraviolet Spectra and Ionisation Constants 
III-3-A. Ultraviole t spectra of 
s-triazolo[4,3 - c ]pyrimidines 
The ultraviolet absorption spectra of s -triazolo-
[4,3- c ]pyrimidines (III.1O) consisted of three main bands 
akin to those of s -triazolo[4 , 3-a ]pyrimidines (II . 27) (see 
II-3-A) . In the [4,3-c ]-series , ultraviolet spectra 
wer e measured only in buf f er of pH 7 b e c a use of instability 
in acid or alkali i . e . the s -triazolo[4,3-c ]pyrimidines 
(I II.1O) rearranged or decomposed much more easily than 
their [4,3-a ]-isomers in acid or alkali. The spectra 
for the neutral molecules have been classi f ied into three 
regions (Platt, 1949): a band of high inte nsity at 
203-213 nm (as Bb band) ; a band of similarly high inte nsity 
at 241-267 nm (as L band); and a band of med i um inte nsity 
a 
57. 
at 269-287 nm (as Lb banu ). The last two represented 
TI-TI* transitions . Further , the L band usually a 
c onsisted of three close peaks resembling those of 
s - triazolo[4 , 3- a]pyrimidines (II . 27) . 
The whole spectrum of each s-triazolo[4 , 3-c]pyrim-
idines (III . 1O) was shifted to shorter wavelengths (by 
c . 5-20 nm) when compared with that of the corresponding 
s-triazolo[4 , 3- a]pyrimidine (II . 27) ; moreover , the molar 
extinction coefficient of the TI-TI* transition at the L a 
band was higher than that for the Lb band , a phenomenon 
not observed in the s-triazolo[4 , 3-a ]pyrimidine series 
(II.27) . The relative weakness of the Lb band in 
s - triazolo[4 , 3-c]pyrimidines (III . 1O) may possibly be 
attributable to cancellation of the transition moments 
for the pairing of molecular orbitals (the Lb band is 
due to longitudinally polarised transitions or 
X- polarised transitions; Scheme III-3). On the other 
hand , the relative intensification of the La band may be 
at least partly attributable to an increase of the 
transition moments (the La band is due to transversely 
polarised or Y-polarised transitions ; Scheme III-3). 
The parent compound , s -triazolo[4 , 3-c ]pyrimidine 
(III . lOa) showed (Fig.III-1) three main absorption bands : 
205 nm (log s = 3 . 84) , 249 nm (log s = 3.79) , and 269 nm 
( log s = 3 . 63 nm; shoulder) . Inspection of the data 
(Table III - 1) for the alkylated s -triazolo[4 , 3- c ]pyrim-
idines (III . 1O) showed a general bathochromic shift 
relative to the parent compound (III . lOa), resulting 
from additional conjugation of the system by the added 
alkyl group ( s ); this effect was additive . 
~-Triazolo ( 4,3 - ~) pyrimidine~]Il-12 ) 
y 
X 
R-~-
1 - Triazolo (4,3- ~) pyrimidincs(Il· 27) 
Scheme m- 3 
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Fig . III - 1 . Ultraviolet absorption spectra of 
5
- triazolo[4 , 3- c ]pyrimidine in pH 7 buffer (Al and 
dioxane (Bl , and of - triazolo[l , 5- C ]pyrimidine in 
pH 7 buffer (Cl and dioxane (Dl . 
57b . 
57c. 
Table III - 1 Ultraviolet spectra of a-triazolo(4,3-c]pyrimidines (III . 1O) 
as neutral molecules 
R2 
,1:6 
(III.1O) 
Substituents Amax/ nma (log c) 
Rl R2 R3 R4 B b L Lb 
t,i- max/ nm 
C 
b a 
(a) H H H H 205 (3. 84) 24 1 (J,70) 
269 (J . 63) 0 
249 ( 3 . 79 ) 
258 ( 3. 7 7) 
d 214 (3. 63) 245 (3.68) 276 (3. 57) +3 
252 (3. 73) 
262 ( 3. 68) 
(b) Me H H H 205 ( 3. 89) 212 
( J . 70) 2 76 ( J . 56) +l 
250 ( 3. 78) 
259 ( 3, 73) 
(c) H Me H H 210 (3.95) 244 
( J. 71) +3 
252 (3. 81) 
259 ( 3 . 76) 
(d) H H Me H 205 ( 3. 91) 243 
( 3 . 76) 275 ( 3 . 59) +l 
250 ( 3. 8 3) 
259 (3. 78) 
(el H H H Me 208 ( 3. 93) 243 
( 3. 69) 283 ( 3. 37) +3 
252 ( 3. 74) 
261 (3 . 62) 
( f) II II II Et 208 ( 3. 99) ~-J,/ 
( 3. 71) 275 ( 3. 41) +3 
25 2 ( 3. 76 ) 
262 ( 3. 67) 
(g) Me Me H H 204 ( 3. 93) 245 ( 3. 79) 
277 (3 . 55) +4 
253 (3.87) 
26 1 ( 3. 82) 
(h) Me H Me H 205 ( 3. 91) 244 
(3 . 78) 2 76 (J , 7 3 ) +4 
253 ( 3. 88) 
261 ( 3. 86) 
( i) Me H H Me 208 (3. 93) 217 
( 3 . 7 4) 277 ( 3 . 51) +6 
255 ( 3. 78) 
264 ( 3. 70 ) 
57d. 
Table I Il-1 contd. (page 2) 
Substituents ), max/nm 
a (log c) 
Rl R2 R3 R4 B b b La Lb 
t,). max / nmc 
( j) II Mc Mc II 205 ( 3. 90) ::1 !, ( 3. fin) nH ( .l . !, 8) •5 
254 (3.89) 
261 (3 . 85) 
(k) H Me H Me 209 ( 3. 97) 2 1 6 ( J. 8 1) 278 ( J . 4 5 I +5 
2 54 ( 3. OR l 
:!ti.j ( .l. I !I ) 
( 1) H Me H Et 213 (4 .07) 24 6 ( J . 79) +6 255 (3.85) 
263 ( J . 77) 
(m) II II Mc Me 208 (3.97) ,' ',/!, (.; . 7tj) 281 (3.55) +4 253 ( 3. 82) 
262 ( 3 . 7 5) 
(n) Mc Mc Me II <203 ( >3.90) :115 ( ,J. fl1 I ~8 1 (J , 69) +7 2 ~6 (3.%) 
263 ( .l. ,I/) 
(o) Me Me H Me 206 (3.98) 249 (J . 84/ 280 ( 3 . 4 9 J +8 257 ( 3. 89) 
P.66 ( ,> . 80) 
(p) Me H Me Me 208 ( 3 . 98) 218 ! J . 7 5 I ~ 7 8 (J,64) +8 257 ( 3. 8 3) 
264 ( 3. 79 l 
(q) II Mc Mc Mc ' 203 ( > 3 . 90) -~1 fl ( .l . 7 !, ) 287 (3. 40) +7 256 ( 3 . Bl) 
264 ( J . 7 J) 
(r) Me Me Me Me 205 ( 3. 95) 250 (3 . 8 ,!) 284 (J . 62) +10 259 ( 3. 9 3) 
~ (i(J ( ,L 118) 
(s) Me Me Me Et <205 ( >3.90) 25 1 (J . 87) 285 ( J. 64 ) +10 259 ( 3. 95 l 
267 (J . 90) 
a The value in ita lics refer to wavelengths at which shoulders or 
inflexions occur in t he 
absorption. 
b The ultraviolet absorption data for this band are inaccurate. 
C t,), ), of compound ), (III.lOa) (La band only). 
max max max 
d Solvent is dioxane. 
III-3-B Ultraviolet spectra o f 
s-triazolo[l,5-a)pyriroidines 
58. 
The ultraviolet absorption spectra of s-triazolo-
(1,5- a )pyrimidines (III.12) consisted of only two main 
bands, classified as Bb and La/Lb within Platt's (1949) 
system. Thus the spectra in pH 7 buffer exhibited a 
band at 206-215 nm and another at 254-260 nm in the TI - TI * 
absorption area; both bands were of high intensity. 
Like the s-triazolo[4,3-a )/[l,5-a )pyrimidines, the 
spectra of s -triazolo[l,5-a )pyrimidines (III.12) showed 
a general shift to shorter wavelengths when compared with 
those of s -triazolo[4,3-a )pyrimidines (III.1O). For 
example, the Lb band of the parent compound, s -triazolo-
(1,5- a )pyrimidine (III.12a) lay 15 nm hypsochromic to 
that of s -triazolo[4,3- a )pyrimidine (III.lOa) (254 nm and 
269 nm, respectively) (Fig.III-1). Substitution in 
s -triazolo[l,5-a)pyrimidines (III.12) caused a progressive 
bathochromic shift relative to the parent compound 
( III .12a) (Table III-2) . 
III-3-C Ultraviolet spectra of pyrimidine 
intermediates and some triazoles 
The ultraviolet absorption spectra of alkylidene-
hydrazinopyrimidines (III.9) precursors of s -triazolo-
(4,3- a ) - (III.1O) and s -triazolo[l,5-a )pyrimidines 
(III.12) and of the triazole ring-fission products from 
the triazolopyrimidines (III.1O or III.12) showed a 
single peak at 265-270 nm; however, the former all had 
logs values <4.2 whereas the latter had log s 4.3 or 
(a) 
(b) 
(c) 
(d) 
(e) 
( f) 
( g) 
( h) 
( i) 
Table III-2 
58a. 
Ultraviolet spectra o f 
s -triazolo[l,5-c]pyrimidines (III.12) 
as neutral molecules 
(III.12) 
\ a 
Substituents max/nm ( log E ) 
Rl R2 R3 R4 
b La/Lb Bb 
H H H H 207 (3 . 88) 254 (3. 71) 
C 215 (3.72) 256 ( 3. 68) 
Me H H H 206 (3 . 92) 257 (3 . 92) 
H Me H H 210 (3.95) 254 (3.73) 
H H Me H 2]0 (3 . 94) 256 (3 . 83) 
H H H Me 214 (3.97) 256 (3.72) 
H H H Et 215 ( 4. 0 3) 256 (3 . 71) 
Me Me H H 208 ( 3 . 98) 256 (3 . 89) 
Me H Me H 208 ( 3. 97) 256 ( 3. 92) 269 (3 . 80) 
Me H H Me 212 (4.02) 256 (3.77) 
+ + p . 2 
58b. 
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( j) H Me Me H 210 (3.97) 259 (3.86) 
( k) H Me H Me 215 (4.01) 256 (3. 75) 
(1) H Me H Et 216 (4.08) 256 (3. 73) 
(m) H H Me Me 215 ( 4. 02) 257 ( 3 . 7 8) 
(n) Me Me Me H 208 (4.01) 258 (3.95) 2?4 (3 . 81) 
(o) Me Me H Me 213 ( 4. 07) 257 ( 3. 82) 
( p) Me H Me Me 213 (4.05) 257 (3.87) 
( q) H Me Me Me 215 ( 4. 08) 260 (3.85) 
( r ) Me Me Me Me 214 ( 4. 06) 260 ( 3. 8 9) 
( s) Me Me Me Et 213 ( 4. 14) 260 (3.91) 
a The value in italics refer to wavelengths at which 
shoulders or inflexions occur in the absorption. 
b The ultraviolet absorption data at this band are 
inaccurate. 
C Solvent is dioxane . 
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greater (Fig. III-2 and Table III-3 and 4). The 
isomers of ~-(l-ethoxypropylidene)-~'- (pyrimidin-4-yl) 
hydrazine, the Z- and ~-structures (III.13) and (III.14), 
were characterised by their ultraviolet spectra [267 nm 
(log £ = 4.04) and 271 nm (log £ = 4.16), respectively]. 
III-3-D Ionisation constants of 
s -triazolo[l,5-c ]pyrimidines 
Despite their general instability in acidic 
media, a few s -triazolo[l,5-c ]pyrimidines (III.12) 
were sufficiently stable to measure approximate pK a 
values (Table 111.5). 
III-4 Rearrangement Rates of s -Triazolo[4,3-c ]-
pyrimidines into s -Triazolo[l , 5-a]pyrimidines 
III-4 -A Introduction 
Like their [4,3-a ] isomers , s -triazolo[4 ,3- c ]pyrim-
idines (III.1O) undergo a Dimroth-like rearrangement 
into s -triazolo[l,5-c ]pyrimidines (III.12); this occurs 
in acid, in base, and on fusion, thus furnishing a 
preparative route to the isomers (III.12). Apart from 
7-methyl-3-phenyl-s -triazolo[4 ,3- c ]pyrimidine 
(Bower and Doyle, 1957) and the parent s - triazolo-
[1,5-c]pyrimidine (III.12a) (Jenko, Stanovnik, and 
Tisler , 1976), no derivative without at least one 
functional substituent has been reported to date in 
either series; nor has any fundamental study of the 
above Dimroth-like rearrangement been undertaken. 
Table III-3 
(III.9a) 
( III. 9e) 
(III.13) 
(III.14) 
Ultraviolet spectra o f 
alkylidenehydrazinopyrimidines 
(III.9) in pH 7 buffer 
( III. 9) 
Substituents 
H H H 
H H H 
H H H 
H H H 
H 
Me 
Et 
Et 
>-. /nm (log E ) 
max 
265 (3.72) 
266 (3. 75) 
267 (4 . 04) 
271 (4.16) 
59a. 
Table III-4 Ultraviolet Spectra of Tr iazole 
derivatives (III.11) in pH 7 buffer 
HN 
I 
O=C 
/ HN N 
Rl LI 
R4/ N 
(III.11) 
Substituents A /nm ( log E ) max 
( a) H H H H 266 (4.30) 
( e) H H H Me 266 (4.31) 
( f) H H H Et 266 (4.30) 
( b) Me H H H 267 (4.31) 
( i) Me H H Me 267 (4.34) 
59b. 
(d) 
( g) 
( h) 
( j ) 
( n) 
Table III -5. 
99 c. 
Ionisation Consta nts of 
s-triazolo[l , 5-c]pyr i midines (III.12) 
(III.12) 
Substituents pKa (anal . t- Dm) 
H H Me H 0.4 (245) 
Me Me H H 1.3 (250) 
Me H Me H 0.6 (290) 
H Me Me H 0.8 (255) 
Me Me Me H 1.4 (295) 
60. 
Accordingly, the parent s-triazolo[4 ,3- c ]pyrimidine 
(II I .lOa) and a number of its g-alkylate d derivatives 
(III.10) were prepared and subsequently rearranged to 
yield their isomers (III.12) . In addition , the rates 
for their isomerisation under standardised conditions 
were studied. Thus in glacial ac e tic acid, the y 
underwent rearrangement into the corresponding 
s-triazolo[l , 5- c]pyrimidines (III.12) via the acylamino-
alkenyltriazoles (III . 11) . However, in some aqueous 
buffers, these reactions stopped at the triazoles 
(III .11) except in the presence of a 7-methyl group 
which stimulated completion of the sequence; such 
triazoles (III.11) recyclized thermally or by heating 
in acetic acid to yield exclusively s -triazolo[l,5-c ]-
pyrimidines (III.12) . Such behaviour was not observed 
in the related [4 , 3- a )/[l,5-a ]systems (c f . Chapter II) . 
The ring-fission step (III . 10) + (III.11), was retarded 
markedly by a 5- and/or 8-methyl group but accelerated 
slightly by a 3- and/or 7-alkyl group; the slower ring-
fission of s -triazolo[l,5-c ]pyrimidines (III .12 ) to the 
same triazoles was retarded by a 2-, 5- , or 8-alkylation 
and precluded totally by a ?-methyl group. 
III-4-B Discussion of the rates for rearrangement 
of s-triazolo[4 , 3- c ]pyrimidine 
The rearrangement of s-triazolo[4,3-c ]pyrimidine 
consists of two distinct reactions, ring-opening and 
ring-reclosure. Thus the rearrangement of compound 
(III.lOa) into compound (III.12a) c a n be represented 
by the reaction sequence, 
Gl. 
(III. l0a) Kl ---~ ( III. lla) (III.12a) 
in which each compound may be a neutral molecule or 
cation. It is likely that K2 is reversible on 
experimental evidence. In contrast with the smooth 
Dimroth-like rearrangement of s-triazolo[4,3-a ]pyrimidine 
(II.27a) into its isomer (II.28a) ( cf . Chapter II-4-B), 
the rearrangement from the [4,3-c] to the [l,5- c ] 
system, (III.lOa) + (III.12a), was complicated by the 
relative stability of the intermediate (III.lla). Thus, 
although the parent s -triazolo[4,3- c ]pyrimidine (III.lOa) 
gave its isomer (III.12a) in boiling formic acid (or 
glacial acetic acid) or on fusion, in aqueous buffers 
(pH 3-13, at 25°) the reaction did not proceed beyond 
the intermediate (III.lla) and in aqueous buffers (below 
0 pH 3 or above pH 13, at 25) there was a gradual decomp-
osition with complete loss of u.v. spectrum. The 
susceptibilities of s -triazolo [4, 3- c ] pyrimidine (III.lOa) 
to rearrangement into the isomer (III.12a), and the 
ring-fission of both isomers (III.lOa) and (III.12a) were 
found by measuring spectrome trically the time for half 
the product to appear or the substrate to disappear under 
standardised conditions of pH (or H0 ) and temperature. 
For example the spectrum of s-triazolo[4,3- c ]pyrimidine 
(III.lOa) changed progressively at a . 265 nm until,after 
several hours under standardised conditions (pH 5, 25°), 
62. 
it approximated to that of authent ic ~-[2'-( s -triazol-
3"-yl)ethylidene]formamide (III.lla) (F ig . III-3). The 
plot of log (optical density) at 265 nm against time 
was rectilinear, indicating that the appearance of the 
ring-fission intermediate (III .lla) was a reaction of the 
first-order with t 1.,=43 min (pH 5/25°) (Fig . III-5; Table III-6). 
2 
Further, the existence of isosbestic points at 210 nm 
and 297 nm throughout the reaction suggested that only 
two light-absorbing species were present (Fig. III-3). 
Table III-6 and Fig. III - 6 show the ring - fission 
rates (t
1 
and log t 1 ) as calculated from the appearance 
'2 '2 
of the ring-opened compound (III.lla) in aqueous media 
0 of pH 3-12 at 25 : the first-order ring fission , 
(III.lOa) ~ (III.lla), had a minimal rate at c . pH 7-8, 
increasing sharply with acidity or alkalinity. Below 
pH 2 and above pH 12.5, the ring-fission occurred 
rapidly, followed by slow decomposition (after ring-
fission , the ultraviolet spectrum ( A ; c . 266 nm) max 
decreased progressively in intensity without any 
tendency to shift b eyond A 25 4 nm, for the recyclized 
max 
material (III.12a). Production of the triazole 
derivative (III.lla) was confirmed by isolation from a 
heated aqueous solutions initially containing either 
the s -triazolo[4,3-c ]- or s -triazolo[l,5-c ]-pyrimidine 
(III.lOa or III.12a) (see III.2). 
The ring-fission rates of s -triazolo[4,3-c ]pyrim-
idine ( III .lOa) were measured also at several temper-
atures in pH 5 buffer. Fig .III-5 shows the change in 
62a. 
Table III-6 Rates for ring - fission of the triazolo-
pyrimidines (III . lOa) and (III.12a) to 
the triazole (III.lla) at 25°. 
Anal. ;\ 
max . 
-5 265 nm; cone .: 8.33xl0 ~ ; t k values in min. 
2 
HN~ QN ~ o=! .. I HN H }=J UH 
II H 
(III. 1Oa) ( III. lla) ( III.12a) 
pH t k (III.lOa) t 1 (III.12a) pH t 1 (III.lOa) t k (III. 12a) 
2 Yi Yi 2 
1.0 - a , b , c 3 .0b , c 8 . 0 5040 (11500) f 
2.0 - a , b 11 9.0 455 3130 
3 .0 c.1. 5 23 10 . 0 53 350 
4.0 6 . 0 70 d 10 . 6 22 20.5 
5. 0 43 e 535 11. 6 c . 2.0 5.4 
5310 12 . 5 
a , b a , b 
6.0 595 
7.0 3480 (15000) f 
a Too rapid for rreasurerrent. 
b Followed by slow decomposition to product(s) without u .v . absorption. 
c Decomp.: t 1 = 250 min. Yi 
d 22 min at 40°; 11.7 min at 50°; c . 3.0 min at 75° . 
e 17 . 6 min at 40°; 10 min at 50°; c . 3. 0 min at 75°. 
f No spectral change beyond c . 45%. 
62b. 
tm1001~ 
pH 5 ~ pH 5 ~"·' 25° 25° I I k-l 
!m·11a) 
K 
150 00 
0 J 10000 
50 00 
0 
225 250 275 300 225 250 275 
]dnm) )._(nm) 
Fig.III-). Ultraviolet absorption at 25° and pH 5 of a solution initially containing (III . lOal 
and recorded after O min (II), 10 min (D), 20 min (Cl, 30 min (DI, 40 min (El , 50 min (Fl, 
70 min (G), 90 min (H) , 120 min (I), and 260 min (JI. 
Fig . III-4. Ult r aviolet absorption at 25° and pH 5 of a solution initially containing (III.12al 
and recorded after Oh (Al , 2 h (Bl, 4 h (Cl, 6 h (DI, 8 h (El, 10 h (Fl, 20 h (HI, 25 h (I), 
and 43 h (JI . 
300 
2.0 
.....---..1. 6 
i & 
00 
I I 
0 001.2 
.....___,, 
C, 
0 
- 0.8 
0.4 
0 1 0 
Fig. m-5 Rates of change in 
~ 
H l N 
pH 5 
at 265nm 
optical density 
u 
II I l 
0 
75° 0 50° 
40° 
2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0 
time (min.) 
2 5° 
1 1 0 1 2 0 
°' N 
() 
62d . 
Fig. m- 6 Rates for the ring-fission 
~ 0 ~ at265nm 3 
( 1I[·10a) (lI[ , 11 0 ) 
? 
E 2 
-~ 
~ reaction temp. 
0) 
25° 0 0 
o u~ __ ..J._ _ 1__ _ __1 __ _1. __ -1---..L..--L-----'-----
12 
3 4 5 6 7 8 9 10 11 
pH 
6 3. 
optical density at 265 nm for four temperatures 
(25° , 40° , 50° , and 75°); Fig . III-7 shows the change of 
t ½ (min), for the appearance of the triazole (III . lla), 
at several temperatures and pH 5. The rate doubled 
for every 12 - 13°c rise in temperature. The rapidity 
of fission in media of low pH precluded measurement of 
a pK value for the weakly basic triazolopyrimidine 
a 
(III.lOa). 
At first sight , it appeared meaningless to compare 
the above rates for fission of the s -triazolo[4,3-c}-
pyrimidine (III.lOa) with those for the complete 
rearrangement of s -triazolo[4 , 3- a ]pyrimidine (II.27a) 
into its [1 , 5-a ] isomer (II.28a) . However, in the 
latter reaction it was evident that the initial ring-
fission to the intermediate (II.32) was the rate-
determining step because of the maintenance of a single 
set of isosbestic points in u . v. spectral scans through-
out (see II-4-B) . 
such comparisons . 
It was therefore legitimate to make 
Both reactions were acid and base 
catalysed, although the s-triazolo[4 , 3- c ]pyrimidine 
(III . lOa) underwent hydrolytic fission c . 175 times 
faster than its [4,3- a ] isomer (II.27a) at pH 3 and 
c . 5 times faster at pH 11. The fact that s -triazolo-
[4 , 3-a]pyrimidine (II.27a) underwent complete rearrange-
ment in aqueous buffers whereas its [4 , 3- c ] isomer 
(III.lOa) did not, was explained by the nature of their 
respective ring-fission products : one (II.32) was a 
reactive hydroxymethylene compound, ripe for recyclis-
ation; the other (III.lla) was a relatively unreactive 
7 0 
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amide . For the same re a son , s-tr iazolo[l , 5-a ]pyrim-
idine (II . 28a) remained unchanged in a queous buffers 
(pH 1 - 13) whereas the [l , 5-c] isomer (III . 12a) did 
yield the triazole (III.lla) , although its formation 
was slower than from the [4,3 - c ] isomer (III.lOa) in 
comparable media (Table III - 6) (at pH 3 , 15-fold ; at 
pH 4 and 5 , 12 - fold; at pH 6, 9-fold; and at pH 9 and 
10 , 7 - fold) . Similarly , Fig . III-4 shows how the 
s pectrum of s - triazolo[l , 5 - c ]pyrimidine (III . 12a) 
changed progressively at c . 265 nm during several hours 
under standardised conditions (pH 5, 25°); isosbes t ic 
points were evident at 212 nm and c . 305 nm. Fig . III-8 
shows the ring-fission rates (log t ~ ) of s -triazolo[l , 5- c]-
2 
pyrimidine (III . 12a) at pH 1-12, as calculated from the 
appearance of the product (III . lla) : the first - order 
rate for ring - fission, (III . 12a) + (III . lla) , was 
minimal at pH c. 7-8 (below pH land above pH 12 . 5 , 
decomposition of compound (III . lla) occurred gradually). 
The ring-fission rate of s - triazolo[l,5- c ]pyrimidine 
( III . 12a) was measured spectrometrically at 25° , 40° , 
50°, and 75° in pH 4 solution (Fig . III- 9 ) : the t ~ (min) 
2 
for the appearance of compound (III . lla) doubled for 
every 9-11°c rise in temperature (Fig . III-7) . 
In contrast to its behaviour in aqueous buffer , 
the s -triazolo[4 , 3-c ]pyrimidine (III . lOa) rearranged 
completely into its [1 , 5- c ] isomer (III . 12a) in glacial 
acetic acid . When this reaction was followed at 40° 
by repeated u . v . spectral scans, the initial curve 
64a . 
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(Amax . 269 , 258 , 249 nm) gradually became a single 
higher peak (Amax . a . 265 nm) representing the triazole 
intermediate (III . lla) and then fell more slowly to 
another single peak (A a. 255 nm) representing the 
max. 
rearranged product (III.12a) . The ring-fission 
( III . lOa) + (III . lla) had t½ 140 min (calculated from 
the earlier part of the change when the second reaction 
was of very minor importance) and the recyclisation 
( III.lla) + ( III . 12a) had t 1 
"2 
770 min (best calculated 
from pure intermediate submitted to identical reaction 
conditions) . 
III-4 - C Discussion of substituent effects on 
the rearrangement or ring-fission of 
s-triazolo[4 , 3-a]pyrimidine 
Substitution of the parent compound (III . lOa) had 
a profound influence on its rate of rearrangement or 
ring-fission (Table III - 7) . Treatment of the 
s-triazolo [4 , 3- a ] pyrimidines (III . 1O) in pH 4 buffer at 
25° divided them into two groups : those compounds 
(III . 1 0, R2=H) without a 7-methyl group underwent only 
ring - fission to the appropriate triazoles (III . 11 , R2=H) , 
2 
whereas t hose compounds (III . 10 , R =Me) with a 7 - methyl 
grou p rearranged into their respective [1 , 5-a] isomers 
2 ( III . 12 , R =Me) . In the latter group , u . v . spectral 
scans throughout each rearrangement showed a single set 
of isosbestic points and there was no indication at any 
<,Sil . 
Table m- 7. Rates for rearrangement or 
2 ring-fission of ~ 1l R2 8 d • 1 
R4 IJ 2~ 4 
(fil·10) ( m - 12 l 
A B C 
Subs ti tuents Anal.A 
R1 R2 R3 R4 Cpd. Prod. t,½ ( min.) (nm) 
(a) H H H H A B 6.0 2 6 5 
( b) Me H H H A B 1 2 0 2 6 5 
( C) H Me H H A C 9.0 2 8 0 
(d) H H Me H A B 2 5 2 6 5 
(e) H H H Me A B 5.5 2 6 5 
( f) H H H Et A B 4.5 2 6 5 
(9) Me Me H H A C 8 5 2 8 5 
(h) Me H Me H A B 5 3 0 2 6 5 
( i ) Me H H Me A B 5 8 2 6 5 
(j) H Me Me H A C 1 8. 0 2 9 0 
( k) H Me H Me A C 7.0 2 8 5 
( I ) H Me H Et A C 5.0 2 8 0 
(m) H H Me Me A B 1 8. 2 2 6 5 
( n) Me Me Me H A C 3 0 0 2 9 0 
( 0) Me Me H Me A C 3 6 2 9 0 
( P) Me H Me Me A B 2 3 0 2 6 5 
( q) H Me Me Me A C 1 5.0 2 9 5 
( r) Me Me Me Me A C 1 4 0 2 9 0 
( s ) Me Me Me Et A C 1 2 0 2 9 0 
at pH 4 and 2 5 0 • - 5 concentration: 8.JJ x lOM 
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s tage of the s trong abso r ption associated with an 
intermediate (III . 11) (see Table III-6): it followed 
t hat t h e ring - f i ssion , (III . 1 0 ) + (III . 11), was the 
rate-determining step , followed by a relatively rapid 
reclosure (III . 11) + (III . 12). Hence the measured 
rate s (Table III-7) in both groups simply represented 
ring-fission o f s-triazolo[4 , 3-c)pyrimidines (III . 10) 
and , as s uch , were directly comparable. No explanation 
c an be offered for the unique effect of the (initially 
7-) methyl group in stimulating recyclisation of the 
intermediates (III . 11, R2=Me) to the s-triazolo[l,5-c )-
pyrimidines (III . 12 , R2=Me) . 
The effect of each added ~ - methyl group on the 
rate for ring-fission of s - triazolo[4 , 3-c )pyrimidines 
(III.10) in pH 4 buffer at 25°, varied considerably 
according to the position . The addition of 5- and 
8-methyl groups retarded the reaction markedly whereas 
3- and 7-methyl groups usually had a slight accelerating 
effect . Thu s the 5-methyl derivatives (III . lOb , g, h, 
i, n , o , p . r) unde rwent fission at an average rate 
13 . 2 times slower than their respective 5-demethyl 
homologues ; the 8-methyl derivatives (III . lOd , h , j, m, 
n , p . q, r) , 3 . 4 times slower than their 8-demethyl 
homologues; the 3- methyl derivatives (III . lOe , i , k , m, 
o , p , q , r) 1 . 7 times faster than their 3- demethyl 
homologues ; and the 7-methyl derivatives (III . lOc , g , 
j , k , n , o , q, r) 1 . 2 times faster than their 
7-demethyl homologues . 
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It was apparent that the large re t arding-effect 
of 5-methylation on 4 , 5-fission of system (III . 10) 
resulted from reduced nucleophilicity at the 5-position 
combined with appreciable steric hindrance to the 
approach of the nucleophile; 8 - methylation had a 
similar (but mesomeric) effect on nucleophilicity at 
C(5) without steric hindrance, so that the overall 
retarding effect was less . Both 3- and 7-methylation 
could have little effect on nucleophilicity at C(5) 
but would have some direct effect on electron-density 
at N(4), resulting in a small positive effect on 
fission rate . A more important accelerating effect 
was the steric hindrance (visible in molecular models) 
between R1 and R4 in (III.10): when R1 was a proton, 
the rates were slightly accelerated in the order 
R4=H, Me , Et (III.lOa, 6 min ; III.10e, 5 . 5 min; 
III . lOf , 4 . 5 min) ; when R1 was methyl, the rates were 
accelerated much more by increasing the bulk of R4 
(III.lOb, 120 min; III.lOi , 58 min), (III.lOg, 85 min; 
III.lOo , 36 min) , (III.lOh , 530 min; III.lOp, 230 min) 
and (III . lOn , 300 min; III.lOr, 140 min; III.lOs, 
120 min) . 
III-4-D Discussion of substituent 
effects on the ring-fission of 
s-triazolo[l,5-c]pyrimidine 
68. 
In the rearranged s -triazolo[l,5-c ]pyrimidine 
system (III.12) , ring-fission was observed to occur 
in pH 4 buffer at 25°, except with the 7-methylated 
members (III.12c, g , j, k, 1 , n, o, q, r, s) where no 
such fission occurred (Table III-8). The addition 
of 2-, 5- , and 8-methyl groups retarded the ring-
fission probably on account of their electron effects: 
the 2-methyl derivative (III.12e, 110 min) underwent 
fission 1.6 times slower than its 2-demethyl compound 
(III.12a, 70 min); the 5-methyl derivative (III .12b, 
1980 min), 28 . 3 times slower than its 5-demethyl 
compound (III.12a); and the 2,5-dimethyl derivative 
(III.12i, 2600 min), 1 . 3 times slower than its 5-methyl 
homologue (III.12b) and 23.6 times slower than its 
2-methyl homologue (III.12e). The 8-methylated 
derivatives (III.12d, h, m, p) were too slow to measure . 
III-4-E Discussion of mechanism for the 
Dimroth-like rearrangement 
Like their [a ]-isomers, s -triazolo[4,3-c]pyrimidines 
(III.10) rearrange into s-triazolo[l , 5- c ]pyrimidines 
(III.12) in acid, in b ase , or thermally . The mechanism 
for this Dimroth-like rearrangement resembles that for 
the [4,3-a ] series (Chapter II-4-D) . 
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Table m-s. Rates for ring-fission of 
R2 2 R 
,m-12, 1 
R 
.. , m-11, 
C B 
4 
at pH 4 and 2 5° concentration - s 8.33 x 10 M 
Substituents Anal.A 
R1 R2 R3 R4 Cpd. Prod. f~ (min.) (nm) 
(a) H H H H C B 7 0 2 6 5 
( b) Me H H H C B 1 9 8 0 2 6 5 
(c) H Me H H C _a 
( d) H H Me H C B (3 3 O)b 2 6 5 
(e) H H H Me C B 1 1 0 2 6 5 
(f) H H H Et C B 1 2 0 2 6 5 
(9) Me Me H H C _a 
( h) Me H Me H C B -C 2 6 5 
( i ) Me H H Me C B 2 6 0 0 2 6 5 
( j) H Me Me H C _a 
( k) H Me H Me C _a 
( I ) H Me H Et C -a 
(m) d 26 5 H H Me Me C B (2 4 0) 
(n) Me Me Me H C _a 
( o) Me Me H Me C _a 
( P) Me H Me Me C B _c 2 6 5 
(q) H Me Me Me C _a 
( r) Me Me Me Me C _a 
( s) Me Me Me Et C _a 
a b beyond 38%. Unchanged. No change 
C d beyond 23 % . Too slow to measure. No change 
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The initial step in acid cata l y sed reaction 
presumably involves protonation on the n itrogen atom 
of the ring (III.10) followed by attacking of 
hydronium ion at the 5-position , ring-opening, 
rotation along the 8 : Ba-bond axis, and finally 
recyclisation with elimination of water (Scheme III-4). 
In this series, some intermediates (III . 11) were 
isolated b y boiling the compounds (III . 10) or (III . 12) 
in water (see Chapter III-2); they could also be 
recognised in the ultraviolet spectra of solutions 
initially containing 7-methyl - s-triazolo[4,3 - c ]-
pyr imidines ( III.10) ( see Chapter III-4) . 
The initial step in the base catalysed reaction 
involves nucleophilic attack by HO at the 5 - position ; 
this is followed by ring- opening . Some of the 
resulting intermediates (III . 11) were stable in weakly 
alkaline media (c. pH 8 - pH 12) but proved unstable 
in the stronger alkali ( > pH 13). 
The initial step in dry thermal rearrangement is 
presumably the formation of a reactive zwitterionic 
intermediate (III . 15) from rupture of the 4,5-bond ; 
this is followed by ring-recyclisation to give the 
[1 , 5- c ] isomers (III.12) (Scheme III-4). 
The initial step in neutral media (boiling water) , 
involves nucleophilic attack by hydronium ion at the 
5-position of the compounds (III . 10) or (III . 12) to 
give the intermediates (III . 11) which were stable 
(III.lla , e , f , b , i , only). 
6911. 
Scheme III-4 
(III . 10) (III.lll 
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III-S Confirmation of Structures b y P.m . r. Spectra 
Proton magnetic resonance spectroscopy was used to 
distinguish readily the s-triazolo[4 , 3-c ]pyrimidines 
from their [1 , S-c ] isomers. No study of p.m.r . spectra 
in simple derivatives of such ring systems has been 
reported , apart from the record of that for s -triazolo-
[1,S-c]pyrimidine (Jenko, Stanovnik , and Tisler, 1976). 
In the present investigation , the p . m.r . spectra of a 
number of s-triazolo[4 , 3-c ]- and s-triazolo[l,S - c ]-
pyrimidines have been recorded; the chemical shifts and 
the effects of methyl substituents on the ring protons 
are discussed . 
III-S-A The assignme nt of chemical shifts 
The p . m. r . spectra of s -triazolo[4,3-c ]pyrimidines 
(III.10) and their [1,S-c ] isomers (III.12), which are 
ten- TT -electron ' aromatic ' systems with considerable 
delocalization of TT -electrons and which have the ability 
to sustain a ring current in the presence of an external 
magnetic field , were measured : the chemical shifts and 
coupling constants are listed in Table III-9 and III-10. 
Fig . III-10 shows the spectra of the parent compounds, 
(III.lOa) and (III.12a) . In compound (III . lOa) , the 
protons fell into two distinct regions : H7 and H8 were 
at h igher field whereas H3 and HS were at lower field ; 
in the isomeric compound (III.12a), three protons were 
at higher field (H2, H7 , and H8) and one at lower field 
(HS). 
H 
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Fig.m-10 P.m.r. Spectra at 35° in (CD3)2SO ( Shifts in 5 ; 1. in Hz ) ?.9?(H7) 
( 1II· 1 Oa) 
(ill· 12a) 
9.4 7 (H 5) 
1= 1 A9.40(H 3) 
9.80(H5) 
A.!= 1 
('i 1=6 
8.67(H2) 18.30(H7) 
( 1J:5 
7.77(H8) 
A 1=6 
A ~ 1=1 
- 7.90 ( H8) 
J. 1=6 ~ ~ 1=1 
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Tuble I 11-9 PMR Spectral data of some G-triuzolo(4,J - c )pyrimidines (III.10) 
R2 
CC' 
RllN 
u 2 
R4 
(111.10) 
Substituents Chemical shifts 
a Coupling constants 
R l R2 R3 R4 
(llz) 
6 3 6 5 ,1 7 6 8 ,/ 5, 7 ,/ 5 , 8 ., 7, 8 
(a) H H H H 9.40 (s) 9 .47 (d) 7.97 (d) 7. 77 (q) 6 
(IJ) Mc• II II II 9 . 4 3 ( n) ( 2 . ti)) ( n l 7. nr, (d) 7. (,0 (d) 6 
(c) H Me H H 9 .3 7 (s) 9.43 (d) ( 2. 4 7) ( s) 7.63(s br) 
(d) H H Me H 9.45 (s) 9.40 (s) 7.82 (s br)(2 . 50)(d) l b 
(c) II II II Me ( 2 . 7 3) ( s) 9.27 (d) 7.88 (d) 7 . 62 (q) 6 
( f) II H 11 Et (3. 20) " (q) 9 . 35 (d) 7.92 (d) 7.67 (q) 6 
(g) Me Me H H 9.37 (s) ( 2. 80) ( s) ( 2. 40 ) (s) 7.58 (s br) -
(h) MC' II Mc II 9.40 (s) (2.00) (s) 7.63 (s br) (2.43) ( s ) 
( i) Me H H Me ( 2. 93) ( s) ( 2. 90) (s) 7.68 (d) 7.45 (d) 6 
( j) 11 Me Me H 9.25 (s) 9.18(s br) ( 2. 40) ( s) (2. 40) ( s) 
(kl II MC II Mc ( 2 . 73) ( s) 9.18 (d) ( 2 . 4 3) ( s) 7.43 (s brl -
( 1) H Me H Et (3.20)d(q) 9.32 (d) ( 2. 4 5) ( s) 7.53 (s brl -
(m) H H Me Me (2. 72) (s) 9.10 (s) 7.67 (q) ( 2. 43) (d) 
l b 
(n) Mc Me Mc II 9.28 (s) ( 2 . 75) ( s) ( 2. 35) ( s) ( 2. 3 5 l ( s l 
(o) Me Me H Me ( 2. 88) ( s) ( 2. 85) ( s) ( 2. 33) ( s) 7.25 (s br) -
(p) Me H Me Me ( 2. 90) ( s) ( 2 . 90) ( s) 7.48 (s br) (2. 33) (s) 
(q) H Mc Mc Mc (2. 70) (s) 9.00 (s br) ( 2. 37) ( s) ( 2. 37) (s) 
(r) Me Me Me Me ( 2. 83) ( s) ( 2 . 83) ( s) ( 2. 27) ( s) ( 2. 27) ( s) 
(s) Me Me Me Et (3 . 27) e (q) (2. 85) (s) ( 2. 30) ( s) ( 2. 30) ( s) 
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Table 111-10 PMR Spectral data o( some n-triazolo(l,5-a Jpyrimidincs (111. 12) 
R2 
C( 
.~ 
"4 
(III.12) 
Substitucnts Chemical shiftsa Coupling constants 
(Hz) 
Rl R2 R3 R4 6 2 65 6 7 6 8 JS,7 JS, 8 J 7,8 
(o) II II II II 8.67 Cs) 9 . 00 (cl) 0.30 (d) 7.90 ( CJ ) 6 
(b) Me H H H 8.62 (s) ( 2. 90) Cs) 8.20 (d) 7.75 (d) 6 
(c) H Me H H 8.53 (s) 9.65 (d) ( 2. 53) (s) 7 . 68 (s br) 1 
(d) H H Me H 8.63 (s) 9.67 (s) 8 .13 (g) ( 2. 52) (d) l b 
Ce) II II H Me ( 2. 50) ( s) 9.60 (d) 8.20 (d) 7. 70 (g) 6 
( f) II H II Et (2.88) 0 (g) 9.65 (d) 8.23 (d) 7. 73 (g) 6 
(g) Mc Mc II II 8.48 (s) ( 2. 85) ( s) ( 2. 4 8) ( s) 7.53 (s br) 
(h) Me II Me H 8.53 (s) ( 2. 83 \ ( s) 7.98 (s br)(2.43)(s) 
(i) Me H H Me (2. 50) (s) ( 2. 83) ( s) 8.12 (d) 7.58 (d) 6 
( j) II Mc Mc II 8.48 (s) 9.48 (s) ( 2. 45) (s) ( 2. 4 5) ( s) 
(k) H Me II Me ( 2. 50) ( s) 9.50 (d) ( 2. 4 7) (s) 7.53 (s br) 1 
( 1) H Me H Et (2.83)d(g) 9.52 (d) ( 2. 50) ( s) 7.55 (s br) 1 
(m) H H Me Me ( 2. 48) ( s) 9.43 (s) 8.00 (g) ( 2. 4 3) (d) 
l b 
(n) Me Me Me H 8.40 (s) ( 2. 78) ( s) ( 2. 38) Cs) ( 2. 38) ( s) 
(o) Me Me H Me ( 2 . 4 5) ( s) ( 2 . 7 8) ( s) ( 2 . 4 5) ( s) 7.37 (s br) 
(p) Me II Me Me ( 2. 50) ( s) ( 2. 78) ( s) 7.93 (s br) (2.40) (s) 
(g) H Me Me Me ( 2. 45) ( s) 9.35 Cs) ( 2. 4 5) ( s) ( 2. 40) ( s) 
(r) Me Me Me Me ( 2. 4 3) ( s) ( 2. 70) (s) ( 2. 37) (s) ( 2. 30) (sl 
(s) Me Me Me Et (2.83)e(g) ( 2. 75) (s) ( 2. 40) ( s) ( 2. 40) (s) 
(see page 70d for footnotes) 
Table 111-9 continued (page 2) 
Footnotes: 
a The p.m.r . spectra were measured 
internal standard. The values 
b CH 3-H coupling . 
C The figure shown is CH 2 of Et , 
J The figure shown is CH 2 of Et, 
e The figure shown is CH 2 of Et, 
Table III-10 continued (page 2) 
Footnotes: 
J 
J 
J 
in 
in 
7; 
7; 
7 . 
a The p .m . r . spectra were measured in 
(CO 3 ) 2 SO at 35° and 60 MHz 
parentheses refer to me thyl. 
Me of Et 1. 4 0 , t' 
·' 
7. 
Me of Et 1. 38 , t' , I 7. 
Me of Et l. 4 0, t ' ·' 7. 
internal standard. The values in parenthe s e s r e f e r to me thyl. 
b CH 3-H coupling. 
(" 
The figure shown is Cll 2 of Et , 
., 7· Mc of Et 1. 32, t' ·' 7. 
d The figure shown is CH 2 of Et, J 7; Me of Et l . 32, t' ,I 7 . 
u The figure shown is c 11 2 of Et , , I 7; Me of Et 1 . 32, t, ·' 
7 . 
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with Me 4Si as 
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The singlet peaks in the spectra of the parent 
compounds (III.l0a) and (III.12a) were assigned to 
H3 (8 = 9.40) and H2 (o = 8.67), respectively; their 
absence in the corresponding 3- and 2-methyl deriv-
atives furnished confirmation. Other s -triazolo-
[4,3-c]pyrimidines (III.10) with an H3 showed a singlet 
in the region 8 9.2S - 9.4S [(co3 ) 2so]; s -triazolo-
[l,S-c]pyrimidines (III.12) with an H2 showed a singlet 
at 8 8.4 - 8.6 [(CD 3 ) 2SO]. 
The most shielded protons ( 8 7.77 and 7.90) of the 
parent compounds (III.l0a) and (III.12a) emerged as 
quartets apparently arising from ortho and par a coupling. 
These signals disappeared in 8-methyl derivatives; 
turned into doublets by introducing a substituent at 
CS or C7; and appeared as singlets in the S,7-dimethyl 
derivatives. Spectra of other s -triazolo[4,3-c ]-
pyrimidines (III.10) and s -triazolo[l,S-c ]pyrimidines 
(III.12) with an H8 showed such signals in the region 
o 7.3 - 7.7 and 7.4 - 7.8, respectively. The spin 
coupling constants (J) observed for such quartets in 
the parent compounds (III.l0a) and (III.12a) and their 
derivatives were 1 and 6 Hz, produced by splitting 
between two magnetically unequivalent protons HS - HS 
and H7 - HS, respectively. 
The peaks of the less shielded proton H7 appeared at 
o 7.97 (III.l0a) and 8.30 (III.12a) as doublets. 
Spectra of other s-triazolo[4,3-c ]pyrimidines (III.10) 
and -triazolo[l,S- c ]pyrimidines (III.12) with an H7 
showed such signals in the region 6 7.5 - 7.9 and 
7.9 - 8.2, respectively. 
The most deshielded protons in the parent 
compounds (III.l0a) and (III . 12a) appeared as 
72 . 
doublets centred at 6 9.47 and 9.80, respectively. 
These doublets were absent in the 5-methyl derivatives. 
Consequently, these peaks are due to HS with the small 
para the coupling constant J 5 18 1 Hz . Spectra of 
other s -triazolo[4,3-c]pyrimidines (III.10) and 
s -triazolo[l,5-c]pyrimidines (III.12) with an H5 
showed such signals in the region 6 9 . 0 - 9 . 4 and 
9.35 - 9.65, respectively. 
III-5-B Discussion of the effects of substituents 
As part of the present study of s -triazolo[4,3-c]-
pyrimidine (III . l0a) , s -triazolo[l,5-c]pyrimidine 
(III.12a), and their alkylated derivatives, the p.m.r. 
spectra were analyzed to seek any correlation between 
the effect of methyl groups on the chemical shifts of 
appropriate protons with the effect of methyl groups on 
rates of rearrangement (as outlined in Chapter III-4). 
Introduction of a C-methyl group generally shifts ring-
proton signals upfield by electron transfer from the 
methyl group into the aromatic ring through induction 
and/or mesomerism . 
Table II-11 shows the effect of an added methyl 
group on the chemical shift of each ring proton in the 
system (III. l0a) . A negative sign indicates a shift 
72a. 
Table III-11 Methyl substituent effect in the 
s-triazolo[4,3- c ]pyrimidine (III . 10) 
The Effect due to ~thyl 
(Substituted)-(Reference) 
effect due to 3-rrethyl 
(III.10e)-(III.10a) 
effect due to 5-methyl 
(III . 10b)-(III.10a) 
effect due to 7-rrethyl 
(III . 10c)-(III . 10a) 
effect due to 8-methyl 
(III.10d) -(III .10a) 
Chemical shift changes ( o ) 
- 0. 20 -0.09 
+0 . 03 -0.12 
-0.03 -0.04 
+0 . 05 -0.07 - 0. 15 
Average 
-0.15 -0.15 
-0.17 -0.09 
-0.14 - 0. 07 
-0.06 
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to higher field on introduction of a methyl group into 
the parent compound (III.l0a). The average effect on 
each ring proton by introducing a 3- , 5-, 7-, or 8-
methyl group was -0.15, -0.09, -0 . 07, -0.06 p . p.m., 
respectively. The effect of the 3-methyl group in the 
compound (III . l0e) was greatest on HS, followed by H8 
and then H7 . The minimal effect on H7 may indicate 
that the conjugated pathways via N4 (sp 2 lone pair) from Nl 
and C8a are more important in transmitting the effect than that 
not involving N 4 . In contrast , the ef feet of a 5-methyl 
group in the compound (III . l0b) was minimal on H3. 
The effects of a 7-methyl group in compound (III . l0c) 
and of an 8-methyl group in compound (III.l0d) were 
greatest on H8 and H7 , respectively , on account of the 
powerful ortho electronic effect . The effect of a 
7-methyl group on HS was -0.04 and that of an 8-methyl 
group on HS was -0.07: that the greater effect of the 
8-methyl group on HS was due to para mesomeric electron-
donation . The relationship of ring-fission rate data 
to the compound (III.l0c; tk 9 min) and (III . l0d; tk 
2 2 
25 min) may be attributed to the same effect. 
The effect of a C-methyl group on the shift of 
each proton in s -triazolo[l,5-c]pyrimidine (III . 12a) is 
shown in Table III-12: the average effect on each ring 
proton by 2- , 5- , 7- , or 8-methyl group was - 0 . 17 , - 0 . 10, 
-0.17, and -0.11 p . p . m. , respectively . The effect due 
to a 2-methyl group in the compound (III . 12e) was 
considerably greater on HS and H8 than H7, presumably 
due to reinforcing conjugation pathways via N4 (sp 2 lone 
Table III-12 
The Effect due to .tvlethyl 
73a. 
Methyl effect in the 
s -triazolo[l,5-c ]pyrimidine (III.12) 
Chemical shift changes ( o ) 
( Substituted) -( Reference) Average 
effect due to 2-rrethyl 
( III. 12e) -( III. 12a) 
effect due to 5-rrethyl 
( III.12b) -( III. 12a) 
effect due to 7-methyl 
( III.12c) -( III .12a) 
effect due to 8-methyl 
( III . 12d) -( III.12a) 
-0.05 
-0.14 
-0.04 
-0 . 20 -0.10 -0.20 -0.17 
-0.10 -0.15 -0.10 
-0.15 -0.22 -0.17 
-0.13 -0.17 -0.11 
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pnir) nnc.1 con. In contrast , the effect of n 5-methyl 
group in the compound (III.12b) was minimal on H2 . 
The observed H-H coupling constants in both the ring 
systems (III.10) and (III.12) were 1 Hz ( J 8 ), 6 Hz 5 / 
(J 7 , 8 ); there was also a long-range coupling (~ l Hz) 
between 7- or 8-methyl and 8- or 7-H, respectively: this 
was clear only in e xpanded spectra at 100 MHz (sweep width 
250 Hz). 
An X-ray structural study of an s -tr iazolo[l , 5- c ]-
pyrimidine derivative (Scheme III-5) has been reported 
(Owston and Rowe , 1962; Miller and Rose, 1963). Each of 
the two rings was planar, indicating that the bonds had 
considerable aromatic character; moreover the two planes 
were inclined at an angle of only 6° to one another . The 
bonds in the fused ring system were all considerably 
shorter than a normal single-bond . This may well explain 
the peri (steric) interaction between alkyl groups at 
positions 3 and 5 in appropriate s -triazolo[4,3-c]-
pyrimidines (III.10), both in respect of p . m.r. spectra 
and ring-fission rates. [The chemical shifts of the 
methyl protons in 3,5-dimethyl-s -triazolo[4 ,3- c]pyrimidine 
(III . l0i) were more deshielded ( 63 , 2 .93; 65 , 2 . 90) 
than expected ; those of the methyl groups in the correspond-
ing 3-monomethyl ( 63 , 2 . 73) and 5-monomethyl ( 65 , 2 . 83) 
compounds . In contrast , no such deshielding effect was 
observed in the isomeric 2,5-dimethyl- s -tr iazolo[l , 5- c )-
pyrimidine (III.12) because of the lack of any peri inter-
action. Moreover the ring-fission rate of 3,5-dimethyl-
s -triazolo[4 , 3- c ]pyrimidine (III.l0i) (58 min) was faster 
than that of the 3-methyl derivative (III.l0b) (120 min . ] 
CH 3 
J1.s7 
1. ~ C ~ 2 
N C 
ii 1.26 II \1. 42 
C C C 
1. 60/ "'-.1 . 53 ~ 48~ 37 / ~. 32 
H c7 "'c/1. ! ~N/ 1 , 37 ~ N 
3 
II 1.3s \ /1.40 
N 1.35 C 
Scheme III - 5 
"--1 . 34 
"'-._NH - J_· i~ Cl 
H 
3. 20 ,, 
,, 
7~n . 
Configuration of some -triazolo[l,5- c ]pyrimidine 
derivative determined by X-ray crystallography 
given by Owston and Rowe (1962) . 
CHAPTE R IV 
BIS- s -TRIAZOLO[4,3-a :4' , 3 '- c]PYRIMIDINES 
AND RELATED SYSTEMS 
IV-1 Introduction 
75 . 
In addi tion to the bicyclic s -triazolopyrimidine 
systems described in Chapters II and III , a preliminary 
study has been made of three tricyclic bis- s -tria zolo-
pyrimidine systems of which very little was known 
previously . 
The first representatives of the four possible 
bis-s-triazolopyrimidine systems (Scheme IV-2) were 
reported in 1970 by Karp and Portnyagina (Scheme IV- 1) 
there was no evidence given for their assigned 
structures ; moreover, they were formulated correctly as 
members of system (IV . 1) but named incorrectly as the 
[1,5-a :l' , 5 '- c ]-isome rs (system IV . 4) . Soon afterwards, 
Reimlinger (1970) r e ported 9-methyl- and 9-trifluorcrrethyl-
bis-s-triazolo[l , 5-a : 4 ' ,3'- c ]pyrimidine , me mbers of the 
system (IV . 2) . Five years later , La Noce and Giuliani 
(1975) incorrectly describe d several compounds as 
derivatives of system (IV . 1) because they had failed to 
recognize that a common intermediate had rearranged . 
The above confused picture has now been rationalized 
and authentic derivatives of three systems (IV . 1)-(IV . 3) 
have been prepared ; no true representative of system 
(IV.4) has been made yet . 
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IV-2 Pre paration of Bis s - t riazolo[ 4 ,3-a :4 ' , 3 '- c ] 
pyrimidines 
~G . 
2 , 4-Dihydrazinopyrimidines proved to be suitable 
precursors for the synthesis of the bis- n-triazolo-
(4 , 3 - a : 4 ' , 3 '- c ]pyrimidine system; the transformation was 
brought about by cyclization with an acylat ing age nt such 
as an orthoester or formic acid . Thus heating 
2 , 4- dihydrazinopyrimidine (IV . Sa) (Boarland , McOmie , 
Timms; 1952) with formic acid gave a moderate yield of 
the parent heterocycle (IV . la) although triethyl ortho-
formate , even on prolonged heating , gave only a very poor 
yield (Scheme IV-3). However , the addition of phosphoryl 
chloride or dimethylformHmid e to the triethyl ortho-
formate resulted in a good yield o f the tricyclic 
compound (IV . la) . This material proved stable to acid 
and alkali , although partial rearrangement did occur on 
fusion at a high temperature (see later). In contrast , 
the reaction of 2 , 4-dihydrazinopyrimidine (IV . Sa) with 
triethyl orthoacetate (above) gave 3 , 9-dimethylbis-s-
triazolo[4 , 3- a : 4 ' , 3 ' - c ]pyrimidine (IV . lb) in good yield ; 
addition of phosphoryl chloride to the reaction mixture 
decreased the yield . Similarly , 2,4-dihydrazino- 6-
methylpyrimidine (Vanderhaeghe and Claesen , 1959) (IV . Sb) 
with triethy l orthoformate or tr i ethyl orthoacetate gave 
5-methyl- ( IV . le) and 3 , 5 , 9-trimethylbis-s-triazolo-
[4, 3-a : 4 ' , 3 '-c]pyrimidine (IV . ld) respectively , both in 
good yield ; the reaction of the same pyrimidine (IV . Sb) 
with formic acid gave mainly the intermediate, 2 , 4-
diformylhydrazi nopyrimidine (IV . 6) rather than its 
cyclized derivative (IV.le). 
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The n . m. r . spectra ior the above compounds are 
reported in the Experimental Section (VI-J) . In 
addition, Scheme IV-4 summarizes chemical shifts in 
the parent tricyclic compound for comparison with 
those of two corresponding bicyclic systems; 
deshielding in the tricyclic system (IV.la) was in 
77. 
the order : H9 >HJ> HS > H6 . This order was parallel 
to those for corresponding fractions in the bicyclic 
systems (II.27a) and (III.lOa); moreover H9 of the 
tricyclic compound (IV . la) was more deshielded than HJ 
just as HJ in s -triazolo[4,J-c]pyrimidine (III.lOa) was 
more deshielded than HJ in s - triazolo[4,J-a ]pyrimidine 
(II.27a). 
The spectrum of (IV . la) showed the expected coupling 
J 5 , 6 = 8 Hz; in addition there was evident secondary 
splitting of H6 by H9 ( ~ 1 Hz), clearly shown in an 
expanded spectrum . Similar long-range coupling has been 
reported in imidazo[l , 2-a ]pyridine (J J , S = 0 . 5 c / s) and 
imidazo[l , 5-a]pyridine (JJ , S = ~ 1 c/s) (Black et al. , 
1974). Another interesting coupling was that of a methyl 
group in position 5 with H6 (J = 1 Hz) . These observ-
ations proved to be particularly useful in establishing 
the structure of isomeric tricyclic compounds and 
assignment of p . m. r . spectra. For example , long-range 
coupling between H6 and H8 in the isomeric bis-s-
triazolo[4 , J- a : l ' , 5 '- c ]pyrimidine (IV . J) did not occur 
(see later) . 
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Chemical shift values for the parent systems in (CD3 ) 2so 
Scheme IV- 4 
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IV-3 Alternative Route to Bis- s - triazolo[4 , 3-a :4' ,3'-c] 
pyrimidines for Structural Confirmation 
An independent route to the tricyclic bis - s-triazolo-
[4,3-a : 4 ' , 3 '- c]pyrimidine ring system would be by cycliz-
ation of an appropriate bicyclic hydrazino-s - triazolo-
(4 , 3-a or 4,3-c]pyrimidine. Indeed , La Nocc a nd Giuliani 
(1975) had attempted to use such a method but they 
assigned an incorrect structure to their tricyclic 
products because the initial bicyclic intermediates had 
rearranged before use . However , by using authentic 
bicyclic intermediates , it has been possible to synthesize 
the same tricyclic compounds as those prepared (IV-2) 
directly from dihydrazinopyrimidines . 
is given in Scheme IV-5. 
The general route 
Thus 2 , 4-dichloro-6-methylpyrimidine (Gabriel and 
0 Coleman , 1899) and alcoholic hydrazine at 20 gave 2- chloro-
6-methylpyrimidin-4 - ylhydrazine (IV . 8) which underwent 
cyclization with suitable orthoesters to give 5- chloro-7 -
methyl- (IV.9a) and 5 - chloro-3 , 7- dimethyl-s - triazolo -
[4 , 3-c ]pyrimidine (IV.9b) . The unrearranged structure 
of these compounds was confirmed by (i) inspection of 
their p . m. r . spectra and (ii) isolation of their (1 , 5-c ] 
isomers (as described in s e ction IV-4). 
Each chlorotriazolo[4 , 3-c ]pyrimidine was treated 
with hydrazine hydrate at room temperature to give 
7-methyl- (IV.lla) and 3,7-dimethyl-s-triazolo[4,3-c ]-
pyrimidin-5-ylhydrazine (IV . llb) , respectively. 
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Subsequent cyclization with suitable orthoesters gave 
5-methyl- (IV . le) , 3 , 5 , 9-trimethyl- and 3 , 5-dimethyl-
bis - s - triazolo[4 , 3- a : 4 ' , 3 '-a ]pyrimidine (IV . le) ; the 
first two proved identical with products prepared in 
Section IV- 2 above . In addition , 5- chloro-7 - methyl -
s - triazolo[4,3 - a ]pyrimidine (IV . 9a) reacted with 
thiourea in ethanol to give 7- methyl - s-triazolo[4,3 - a] -
pyrimid i ne - 5(6H) - thione (IV . lOa) . 
The intermediate 7- methyl - s - triazolo[4 , 3- a] -
pyrimidin- 5- ylhydrazine (IV . lla) was also made by another 
route , indicated in Scheme IV- 6 : 6-methyl - 2- thiouracil 
(IV . 12) with phosphorus pentasulphide in 2- picoline 
gave 6 - methylpyrimidine- 2 , 4(1 H,3 H) - dithione (IV . 13) which 
reacted with hydrazine hydrate to give 4-hydrazino- 6-
methylpyrimidine- 2(1 H)-thione (IV . 14) and on subsequent 
methylation , the thioether (IV . 15) . Heating with formic 
acid gave , not the cyclized compound, but the formylated 
pyrimidine ( I V. 16) which was stable ( e . g . it was unchanged 
by heating in dimethylformamide or by fusion) . However , 
heating the thioether (IV . 15) with triethyl orthoformate 
gave 7-methyl - 5-methylthio- s -triazolo[4,3-a ]pyrimidine 
( IV . 17a) which reacted with hydrazine to yield 7- methyl -
s-triazolo[4 , 3-a]pyrimidin-5-ylhydrazine (IV . lla) . 
7 I.J a. 
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IV-4 Preparation o f Dis - -triazolof~,3-a :l' , 5 '- a l 
pyrimidines and their Precursors 
The tricyclic bis- s -triazolo[4,3-a :l' ,5'-a )-
pyrimidines (IV.3) were prepared from bicyclic 
s -triazolo[l,5-a )pyrimidines of confirmed structure . 
00. 
It had been reported by La Noce and Giuliani (1975) 
that the r eaction of 2-hydroxy-6-methylpyrimidin-4-
ylhydrazine (IV.18) with formic acid or triethyl ortho-
formate gave 7-methyl- s -triazolo[4,3-a )pyrimidin-5(6 H)-one 
(IV.20) (Scheme IV-7). However inspection of its p.m.r. 
spectrum indicated that it was , in fact , the isomeric 
7-methyl-s-triazolo[l,5-c ]pyrimidin-5(6H)-one (IV.19a). 
[When the formylating a gents were replaced in the above 
reaction by trimethyl orthoacetate , the corresponding 
2,7-dimethyl-s-triazolo[l,5-a ]pyrimidin-5(6H) -one (IV.19b) 
was obtained similarly; heating 2-chloro-6-methylpyrimidin-
4-ylhydrazine (IV.8) with formic acid also gave the 
isomerized compound (IV.19a)). As described in (III-5-A), 
the p.m.r. spectra of s -triazolo[4 ,3- a ]pyrimidines ( III.10) 
in (co 3 ) 2so showed a singlet for H3 in the region 
o 9.25-9.45 whereas the H2 signal in the isomeric 
s -triazolo[l,5-c ]pyrimidines (III . 12) was a singlet at 
o 8.4-8.6 . The appropriate singlet in La Nace and 
Giuliani's compound in fact lay at o 8.33 thus indicating 
the structure (IV.19a) rather than (IV.20). Moreover, the 
methyl group ( o 2.37) in their product was similar to the 
2-Me (o 2 . 45) in 2,5,7-trimethyl-s-triazolo[l,5-a ]pyrimidine 
(III.120) rather than the 3-Me ( o 2.88) in 
3,5,7-trimethyl- s -triazolo[4 ,3- c ]pyrimidine (III . lOo). 
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Treatment of the compounds (IV.1 9a) and (IV . 19b) 
with phosphoryl chloride gave 5-chloro-7-methyl (IV.2la) 
and 5-chloro- 2 , 7-dimethyl-s-triazolo[l,5-c ]pyrimidine 
(IV . 2lb) , respectively . When the chloro compound 
(IV . 2la) was heated at 90° for l h in~ sodium hydroxide 
7- methyl- s-triazolo[l,5-c]pyrimidin- 5(6 H)-one (IV.19a) was 
recovered . Since the isomer of (IV . 2la) , viz . 5-chloro-
7-methyl- s-triazolo[4,3-c]pyrimidine (IV . 9a) had been 
prepared previously (IV-3) the structure for (IV . 19a) 
was thereby proven . In addition , H2 of (IV . 21a) and 
H3 of (IV . 9a) occurred as singlets in their p.m . r. spectra 
at o 8.75 and o 9 . 38 , respectively . The structures of 
the 2-methyl derivatives (IV . 19b) and (IV.2lb) were 
confirmed similarly (Scheme IV-7) . 
Treatment of the chloro compounds (IV.2la) and 
(IV . 2lb) with hydrazine hydrate at room temperature gave 
the corresponding 7-methyl- (IV . 22a) and 2,7-dimethyl-
s-triazolo[l , 5- c ]pyrimidin-5-ylhydrazine (IV . 22b), 
respectively (Scheme IV-8) . These underwent cyclization 
with suitable orthoesters to give the bis-s - triazolo-
[4 , 3-a : l ' , 5 '- c ]pyrimidines (IV . 3a), (IV . 3b), (IV . Jc) , and 
(IV . 3d) , respectively . Thus the structures (IV . 20) , 
(IV . 9a) , (IV . lla) and (IV . le) given by La Noce and Giuliani 
(1975) were all incorrect . The p . m. r . spectra [(CD 3 ) 2so] 
of the bis- triazolo[4 , 3-a:l ' , 5 '-c ]pyrimidines (IV . 3a) and 
(IV . 3b) showed a singlet for H8 at o 8 . 62 and o 8 . 57, 
respectively , i . e . in region similar to that of H2 in 
(1V.2J.t) , (lV.'.llb) 
Me 
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4 (IV . 22b ; R =Me) 
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l 4 (IV . Jc; R =H , R =Me) 
l 4 (IV.3d; R =R =Me) 
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(IV.le) 
s -triazolo[l,5-c]pyrimidine (III.12); on the other hand, 
the bis-s-tr iazolo[4,3- a :4' ,3'-c ]pyrimidines (IV.la), 
(IV.le), and (IV.le) showed H9 as a doublet at o 9.73, 
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o 9.70 [(CD 3 ) 2so] and a singlet at o 9.83 (TFA), respectiv-
ely , i . e . in a region similar to H3 in s-triazolo[4,3-c ]-
pyrimidines (III.10). Heating 5-methylbis-s-triazolo-
[4,3-a :l' ,5'- c ]pyrimidine (IV.3a) in a mixture of glacial 
acetic acid and hydrochloric acid gave 7-methyl- s -triazolo-
[l,5- c ]pyrimidin-5(6H)-one (IV.19a) by hydrolytic ring 
fission. 
Scheme IV-9 indicates another confirmed synthetic route 
to the precursors of the bis-s-triazolo[4,3-a :l' ,5'-c ]-
pyrimidines (IV.3). Camerino, Palamidessi, and Sciaky (1960) 
assigned the structure, 7-methyl-s-·triazolo[4,3- c ]pyrimidine-
5(6 H)-thione (IV.l0a), to the product from 4-hydrazino-6-
methylpyrimidine-2-(3 H)-thione (IV.14) and formic acid. 
However , heating 4-hydrazino-6-methylpyrimidine-2(1H)-thione 
(IV.14) with triethyl orthoformate or heating 5-chloro-7-
methyl-s-triazolo[l,5-c ]pyrimidine (IV.21a) with thiourea 
in ethanol, both gave the same compound as that of Camerino 
et al ., which must therefore be assigned the structure 
(IV.23) rather than (IV . l0a). Further, the p.m.r . spectra 
of (IV.23) showed H2 at o 8.57, whereas unambiguous 
7-methyl-s-triazolo[4,3-c ]pyrimidine-5(6 H)-thione (IV.l0a) 
showed H3 at o 9 .0 2. Finally, methylation of the thione 
(IV.23) gave the thioether (IV . 24) and treatment of the 
thione with hydrazine hydrate in ethanol gave 7-methyl-
s -triazolo[l,5-c ]pyrimidin-5-ylhydrazine (IV . 22a). The 
structures of the precursors of bis-s-triazolo[4,3-a : 
l ' , 5 '-c ]pyrimidines were thus confirmed . 
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IV-5 Bis-s-triazolo[l , 5-a : 4 ' , 3 '-c]pyrimidines 
from the [4,3-a : 4 ' , 3 '-c ] Isomers 
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Although the bis- s -triazolo[4,3-a : 4 ' , 3 '-c] -
pyrimidines (IV.1) were stable in acidic or alkaline media 
(IV-2), partial rearrangement did occur on fusion . Thus 
heating 3 ,9-dimethylbis-s-triazolo[4 , 3-a :4 ' ,3'-c]pyrimidine 
(IV.lb) above its melting point in a sublimation apparatus 
gave 2 ,9-dimethylbis-s-triazolo[l,5-a :4' , 3 '-c]pyr imidine 
(IV.2b) in poor yield (Scheme IV- 10) . The structure was 
clear from the p . m. r . spectra of the rearranged material 
(IV . 2b) in (CD 3 ) 2so which showed an appreciable upfield 
shift (from o 2 . 62 to o 2 . 45) of the signal for the 
methyl group in the a -tr 'azole ring whereas there was 
virtually no shift in the signal for the methyl group in 
the c -triazole ring ; such an upfield shift is character-
istic of such rearrangement , e . g . from 3-methyl-s-
triazolo[4 , 3- a ]pyrimidine (II . 27c) (Me : o 2 . 67) to its 
[1,5-a ]-isomer (II.28c) (Me : o 2 . 50) . Moreover , the 
product (IV.2b) had a p . m. r . spectrum almost identical 
( in all comparable respects) with that of authentic 
9-methylbis-s - triazolo[l , 5-a : 4 ' , 3 '-c]pyrimidine 
(Reimlinger , 1970). 
Similarly , fusion of 3 , 5,9 - trimethylbis-s - triazolo-
[4, 3-a :4' , 3 ' - c ] pyrimidine ( IV.ld) gave 2 , 5 , 9-trimethyl-
bis- s -triazolo[l,5-a : 4 ' , 3 '-c ]pyrimidine (IV.2d). Fig . IV-1 
shows the p . m. r . spectra for the three isomers (IV . ld) , 
(IV.2d), and (IV.3d), all in CF 3co2H. 
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IV-6 Attempts to Bicyclize 4,6-Dihydrazinopyrimidine 
Although it would not be possible to form a simple 
bis-s-triazolopyrimidine from 4,6-dihydrazinopyrimidine 
(IV.26) for valency reasons, it might have been possible 
to form a zwitterionic molecule such as (IV . 25). In 
the event , this proved abortive but some interesting 
products were isolated from the reaction of 
4 , 6-dihydrazinopyrimidine (IV . 26) with acylating agents. 
Thus heating 4, 6- bis (formylhydrazino)pyrim.idine (Guither, 
Clark, and Castle , 1965) (IV.26) with formic acid gave the 
4,6-diformylhydrazinopyrimidine (IV . 27) which was stable 
in boiling dimethylformamide and on fusion well above its 
melting point. However heating 4,6-dihydrazinopyrimidine 
(IV . 26) in a mixture of formic acid and hydrochloric acid 
gave the bis-s-triazolomethane (IV.29) (Scheme IV-11), 
presumably via an unstable tricyclic compound such as 
(IV.25). The structure (IV.29) was confirmed by a micro 
analysis , M+ 150 , and a p.m.r. spectrum [(co3 ) 2so] with a 
singlet at c 4.48 (CH 2 ) and one at c 8 . 93 (2 x CH); 
acidification of the reaction mixture obtained by heating 
of 4 , 6-dihydrazinopyrimidine (IV . 26) with triethylortho-
formate plus dimethylformamide gave the same product 
(IV. 29) . In contrast, boiling 4,6-dihydrazinopyrimidine 
(IV.29) in acetic anhydride gave the poly-acetylated 
compound (IV.28). Finally, heating 4 , 6-dihydrazino-
pyrimidine (IV.26) with triethyl orthoformate (above) 
gave the bicyclic N-ethoxymethylidene-N'-( s-triazolo-
(4,3-c]pyrimidin-7-yl)hydrazine (IV.30). 
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CHAPTER V 
SOME s - TRIAZOLO[4,3-a, 1,5-a , 4,3- c , and 1,5-c ] 
PYRIMIDINES AS AMPLIFIERS OF PHLEOMYCIN 
V.l Introduction 
85. 
Phleomycin is a copper-containing molecule isolated 
from St r eptomyce s ve r ti c illus (Maeda et al . 1956; Takita 
et al . 1972) with a broad range of antibiotic and anti-
tumour activity, but with limited potential on account 
of its nephrotoxicity . At low concentrations it induces 
DNA breakdown and death in growing cultures of Escherichia 
coli B but has little effect on stationary-phase bacteria 
(Grigg, 1969) At highe r concentrations this difference 
disappears. Exposure of phleomycin- treated bacteria to 
caffeine, pyronin Y, coumarin certain thiopurine or 
related heterocycles initiates DNA degradation and death . 
The effects are similar to those c a used by increasing the 
phleomycin concentration up to 100-fold . Thus the 
effective dose of phleomycin can be reduced conside rably 
by using it in conjunction with such amplifying age nts 
(Grigg, 1970; Grigg et al . 1971; Grigg , 1972; Brown et al . 
1972; Badge r et al . 1974 ; Bhushan e t al . 1975; Angyal 
et al . 1974; Brown et al . 1974 and 1976; and Grigg et al . 
1977). Such amplifiers can potentiate the antibacterial 
e ff e ct of phleomycin on Escherichia coli very considerably 
in vitro . From the previous work with purines, it has 
become evident that amplifiers must not only be as active 
86. 
a s possible , but they should have good a queous solubility , 
low toxicity and a high resistance to metabolism . With 
these criteria in mind , appropriate derivatives of the 
following purine analogues have b e en pre pared and tested 
recently as amplifie rs (Brown e t al . 1977 ; Brown et al . 
1978) : thiazolo[S,4-d ]pyrimidines , benzimidazoles, 
benzoxazoles , benzothiazoles and unfused imidazoles . As 
part of t he present work , members of four series of 
s - triazolopyrimidine having a bridgehead nitrogen atom 
were tested : these differed electronically from the a bove 
derivatives but were rather similar sterically to the 
parent purine system . 
V-2 Preparation of s -Triazolopyrimidines 
Treatment of pyrimidin-2 - ylhydrazine (Sirakawa, 
Ban , and Yoneda , 1953) with carbon disulphide in ethanol 
containing sodium hydroxide gave s-triazolo[4 , 3-a ]-
pyrimidine- 3(2 H)-thione (V . 2) (Sirakawa , 1960b), initially 
as its sodium salt , via the intermediate (V . la) 
(Scheme V-1). Appropriate S-alkylation of this thione 
(V . 2) gave the thioethers (V.4a-c) . The s -triazolo-
[l , 5-a ]pyrimidine- 2(1H)-thione (V . 3) and the corresponding 
thioethers (V . 5 a-c) were obtained by rearrangement 
(see Brown and Nagamatsu , 197 7 ) of the corresponding 
(4 , 3- a ] compound s (V . 2) and (V . 4a-c) under mildly alkaline 
or acidic conditions. Another route to the amide (V . Sb) 
involve d treatment o f the intermediate (V.la) with 
chloroacetamide to give an N, S- biscarbamoylmethyl 
derivative , probably (V . lb) . In boiling dimethylformamide , 
t h is underwent cyclization , loss of the N-carbamoylmethyl 
86a. 
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QN ,.... ClN 
R~t l~SR 
(V. 4a; R=Me) (V. Sa; R=Me) 
(V. 4b; R=CH 2 CONH 2 ) (V. Sb; R=CH 2 CONH 2 ) 
(V.4c; R=CHMeCONH 2 ) (V. Sc ; R=CHMeCONH 2 ) 
Scheme V-1 
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residue, and rearrangement (but no t n e cessarily in that 
order). 
Similar treatment of 2 , 6-dimethylpyrimidin-4-
ylhydrazine (Miller and Rose, 1963) and carbon disulphide 
in methanol containing sodium hydroxide gave sodium 
2-(2' ,6'-dimethylpyrimidin-4'-yl)hydrazinodithioformate 
(V . 6) under mild conditions and thence the sodium salt of 
5,7-dimethyl-s-triazolo[4,3-c]pyrimidine - 3(2H )-thio ne 
(V.7) (Scheme V-2). An aqueous solution of this salt was 
acidified with acetic acid (with ice-cooling) to give the 
free thione (V.7). Appropriate S-alkylation of the 
sodium salt of (V.7) with methyl iodide in methanol at 
20° , 2-chloroacetamide, or 2-bromopropionamide in ethanol 
gave the thioethers (V.9a-c), respectively. Heating the 
sodium salt of (V.7) in water gave the sodium salt of its 
rearranged (1 , 5-c] isomer (V.8) which was acidified with 
glacial acetic acid to g ive the free thione (V . 8). The 
S-alkylated (1,5-c ] isomers (V.lOa-c) were pre pared by 
heating of the sodium salt of thione (V.7) or (V.8) with 
appropriate alkylating a gents under more severe conditions. 
In addition , heating the (4,3-c ] isomers (V.9a-c) in 
glacial acetic acid also gave the (1,5- c ] isomers 
(V.lOa-c), respectively. 
V-3 Biological Activiti e s 
The activity of each compound, as an amplifier of 
phleomycin against an in vitro culture of E. coli , was 
measured as described in Experimental Section VI-8. It 
is evident (Table V-1) that the compounds (V . 4c), (V . Sc), 
(V.9b), (V.9c), (V.lOb) and (V.lOc) warranted serious 
consideration; others reached only modest activities . 
I 
Me 
(V . 7) 
Me 
N 
Me 
I 
,t:===N 
RS 
(V . 9a ; R=Me) 
{V. 9b ; R=SCH 2CONH 2 ) 
(V. 9c ; R=SCHMeCONH2) 
Mo 
(V. 6) 
NHNHCSSNa 
Me 
5 
Me 
(V . 8) 
(V . 10a ; R=Me) 
(V . l0b ; R=SCH 2 CONH 2 ) 
(V . l0c ; R=SCHMeCONH2) 
Scheme V-2 
87a. 
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Table V-1. Activities as Amplifiers of Phleomycin. 
Measured at 8mM and/or 2mM; for definitions of activity 
and adjusted activity (Aad) see Angyal et al. (1974). 
Compound . . a Activity Aad 
8 mM 
Caffeine b + + 30 
(V . 2) + < 1 
(V. 3) + < 1 
(V . 4a) + + 70 
(V. 4b) + + 75 
(V . 4c) + + + 275 
(V. Sa) + + 54 
(V. Sb) + + 83 
(V. Sc) + + + 100 
(V.9b) + + + + 470 
(V.9c) + + + 200 
(V . l0b) + + + 115 
(V . l0c) + + + 158 
a Based on 8mM solutions where possible. 
b Usual standard . 
Aad 
2mM 
11 
< 1 
< 1 
3 
55 
85 
9 
5 
100 
417 
3 
435 
3 
CHAPTER VI 
EXPERIMENTAL 
Microanalyses were carried out by the Australian 
National University Analytical Services Unit . 
Samples for analysis were dried at 20-100°/0.l mmllg 
unless otherwise stated. Sample purity was checked 
by ascending paper chromatography on Whatman No.l 
paper using butanol/5N-acetic acid (30:50) and/or thin 
layer chromatography on silica or alumina with ethyl 
88. 
acetate. Chromatograms were examined under ultraviolet 
light of wavelength 254 nm and 365 nm. Melting points 
are uncorrected. 
1 H N.m . r. spectra were measured (except where 
indicated otherwise) in (CD 3 ) 2so at 35° and 60 MHz 
with tetramethylsilane as internal standard; for spectra 
in o2o or DCl, sodium 3-(trimethylsilyl)propanesulphonate 
was us ed (chemical shifts in o; J values in Hz) . Mass 
spe ctra were recorded on an A.E . I. MS9 instrument . 
Ultraviolet spectra were recorded on a Unicam SP800 
and peaks were checked on a Unicam SPSOO instrument. 
Ionization constants were measured spectrometrically 
at 21° using <10- 3~ solutions in hydrochloric acid of 
appropriate H0 (Albert and Serjeant, 1971). T.l.c. 
[ethyl acetate; alumina (Merck: PSC-Fertigplatten , 
F254, TypT)] was used to monitor the progress of most 
reactions (especially those described in Chapter III). 
Infrared spectra were measured on a Un icam SP1050 
spectrophotometer to check the identity of new 
compounds made by different routes. 
VI-1 Preparative and Procedural Details of 
s-Triazolo[4 , 3-a]pyrimidines and their 
l!..2-a] tsomers [cf . Chapter II] 
VI-1-A Preparations 
s-Triazolo[4 , 3-a ]pyrimidine (II . 27a) and 
its [1 , 5-a] isomer (II . 28a) 
89. 
Pyrimidin- 2- ylhydrazine (Sirakawa et ai . 1953; 
Chesterfield et ai. 1955) (4 g) and triethyl orthoformate 
( 30 ml) were boiled under reflux for 17 h. Evaporation 
in a vacuum and recrystallization of the residue from 
ethanol gave the [4 , 3-a ] compound (77 %), m. p . 216-219° 
(Sirakawa, 1959c: 210-213°) (Found : C, 49 . 9; H, 3.5; 
N, 46 . 5 . 
M+ 120 . 
c 5H4N4 requires C, 50.0 ; H, 3 . 4; N, 46.6%), 
Whe n the orthoester was replaced in the above 
preparation by 98 % formic acid , a period of 5 h heating 
gave the triazolo[l , 5-a]pyrimidine (62 %), m. p. 147 - 149° 
( from ethanol) (Shirakawa, 1959c; Allen et ai . 1959c; 
Makisumi and Kano, 1959: 140-151°) (Found: C, 49.8 ; 
H, 3 . 3; N, 46 . 5%), M+ 120 . A similar yield of the 
same compound (II.28a) was obtained by rearranging 
its isomer (II.27a) (1 g) in a mixture of acetic acid 
( 10 ml) and sulphuric acid (0.1 g) held at 95° for 4 h . 
90. 
3-Methyl- and 3-ethyl-s-triazolo[4 ,3-a ]pyrimidine 
(II.27c; II.27d) 
Pyrimidin-2-ylhydrazine (2 g) and triethyl ortho-
acetate (15 ml) were heated under reflux for 20 h. 
After refrigeration, the solid was filtered off and 
concentration of the filtrate in a vacuum gave a second 
crop of the 3-methyltriazolopyrimidine (total yield: 55 %), 
m.p. 251-253° (from ethanol) (Found: C, 53.6; H, 4.6; 
N, 41.8. 
M+ 134. 
c6H6N4 requires C, 53.7; H, 4.5; N, 41.8 %) , 
A similar procedure using triethyl orthopropionate 
(with a 6 h heating period) gave the 3-ethyltriazolo-
pyrimidine (72 %), m.p. 202-204° (Found: C, 56.5; 
H, 5.3; N, 37.8. c7H8N4 requires C, 56 .7; H, 5.4; N, 37.8%). 
2-Methyl- and 2-ethyl-s-triazolo[l,5-a ]pyrimidine 
(II.28c; II.28d) 
The above 3-methyltriazolo[4,3-a ]pyrimidine (1 g) , 
acetic acid (5 ml), and sulphuric acid (0.1 ml) were 
heated on the steam bath for 3 h. Concentration under 
reduced pressure, dilution with water, extraction with 
chloroform, and evaporation of the dehydrated extract 
gave the 2-methyltriazolo[l,5-a ]pyrimidine (60 %), m.p. 
133-135° (from ethanol) (Sirakawa, 1959c: 131-133°) 
(Found: N, 41.7. 
M+ 134. 
91. 
3-Ethyltriazolo[4 , 3-a]pyrimidine (3 g) and acetic 
acid (50 ml) were boiled under reflux for 8 h. The 
residue from evaporation crystallized from benzene-light 
petroleum to give the 2-ethyltriazolo[l , 5-a]pyrimidine 
(67 %), m. p . 101- 104° (Found : C, 56 . 9; H, 5.5; N, 37.6. 
c 7H8N4 requires C , 56 . 7; H, 5 . 4; N, 37 . 8%) . 
3-Phenyl- and 3-p-chlorophenyl- s -triazolo[4 , 3-a] 
pyrimidine (II.27e; II.27f) 
Pyrimidin-2-ylhydrazine (2 . 0 g) , dimethylformamide 
(10 ml) , and benzaldehyde (2 . 0 g) were boiled under reflux 
for 1 h . The cooled solution was diluted with water 
( 35 ml) to precipitate a solid; evaporation gave a second 
crop . N -Benzylidene- N ' - (pyrimidin-2-yl)hydrazine (74%) had m.p . 
178-180° (Sirakawa, 1960a :177°) . N.m . r. 6.87 , t, J 5 , 
HS ; 7 . 58 , m. Ph; 8 . 22, s, NCH ; 8 . 50 , d, J 5, H4 + H6 . 
This intermediate (2 . 0 g), diethyl azodicarboxylate 
(2 . 5 g) , and dimethylformamide (20 ml) were boiled under 
reflux for 15 h . Fractional recrystallization of the 
residue from evaporation gave the phenyltriazolo-
pyrimidine (23 %) , m. p . 203-205° (Sirakawa, 1960a : 
201-202° ; 60-70 % using lead tetra-acetate as oxidizing 
agent) . 
Pyrimidin-2 - ylhydrazine (5 g), p -chlorobenzaldehyde 
( 7 g) , and dioxane (60 ml) were boiled under reflux for 
1 h . The residue from evaporation recrystallized from 
ethanol to give N-p-chlorobenzylidene-N' -(py~imidin-2-
yllliydrazine (73 %) , m.p . 215-217° (Found : C , 57 . 3; 
92. 
H, 3 . 9 ; N, 24 . 4 . c11H9ClN 4 requires c, 56.8; H, 3 . 9; 
N, 24 . 1%) . N. m. r . 6 . 87 , t, J 5 , HS ; 7 . 47 , d, J 9, 
H2 ' + H6 ' ; 7 . 73 , d , J 9 , H3 ' +HS' ; 8 . 17, s , NH . N :CH; 
8 . 5 , d , J 5 , H4 + H6 . Lead tetra-acetate (6 . 6 g) was 
added slowly with stirring to a refluxing solution of 
the above pyrimidine (3 g) in benzene (200 ml) . After 
heating and stirring for a further 10 h the cooled 
suspens ion was diluted with water (20 ml). The residue 
from evaporation in a vacuum was extracted with boiling 
ethanol from which crystallized the chlorophenyltriazolo-
pyrimidine (77 %), m.p . 284-286° (Found: C , 57.3; 
H, 3 . 3 ; N, 24 . 6 . 
N , 24.3 %). Oxidation of the intermediate pyrimidine 
with diethyl azodicarboxylate , as for the phenyl analogue 
above , gave the same product (45 %) . 
2-Phenyl- and 2- p -chlorophenyl-s - triazolo[l , 5-a ] 
pyr imidine (II. 28e ; II . 28f) 
The above 3-phenyl- and 3-p -chlorophenyl-
triazolo[4 , 3-a ]pyrimidines (1 g) were each boiled in 
acetic acid (30 ml) for 24 h . Evaporation and 
recrystallization from benzene gave the 2-phenyl isomer 
( II.28e) (6 0%), m.p . 181-182° (Sirakawa, 1960a : 181- 183°), 
and the ~-chlorophenyl derivative (II . 28f) (75 %) , 
0 
m. p . 2 4 7-2 4 9 (Found: C, 5 6. 9 ; H, 3 . 2 ; N, 2 4. 3 . 
c
11
H7ClN 4 requires c , 57 . 3 ; H, 3 . 1 ; N, 24 . 3%). 
The phenyl compound (II . 28e) was also prepared by 
heating pyrimidin-2-ylhydrazine (2 g) , triethyl ortho-
benzoate ( 4 ml) , and dioxane ( 10 ml) for 3 h followed 
by evaporation. 
was 59 %. 
The yi e ld of recrystal lized product 
93. 
The p -chlorophenyl compound (II.28f) was also 
prepared by heating pyrimidin-2-ylhydrazine (2 g) , 
p -chlorobenzaldehyde (2.8 g), diethyl azodicarboxylate 
(3.5 g) , and dimethylformamide (20 ml) for 8 h followed 
by evaporation and fractional crystallization. The 
yield was 30 %. 
~-Nitrophenyl-s-triazolo[4,3-a] - and 
~-nitrophenyl-s-triazolo[l,5-a ]-pyrimidine 
(II.27g; II.28g) 
Procedures analogous to those for the p -chloro-
phenyl analogue above gave N-p-nitrobenzylidene-N '- (pyrimidin-2-
yl) hydrazine ( 8 0%) , m. p. 255-25 7° ( from ethanol) (Found: 
c, 54.5 ; H, 4.0; N, 29 . 1. c11H9N5o2 requires 
C, 54.3 ; H, 3 . 7; N, 28.8 %). N.m . r. 6.97 , t , J 5, HS; 
7 . 9 3 , d, J 9 , H2 ' + H6 ' ; 8 . 2 8, s , NH . N: CH ; 8. 3, d , J 9, 
H3 ' + HS'; 8.57, d , J 5 , H4 + H6; the nitrophenyl-
triazolo[4 , 3-a ]pyrimidine (91%) , m. p . 337-339° (from 
dimethylformamide) (Found: C , 55 . l; H, 3 . 2; N, 29.3. 
c11H7N5o2 requires C, 54 . 8; H, 2 . 9; N, 29 . 0%), and 
the isomeric nitrophenyltriazolo[l,5-a ]pyrimidine (66 %) , 
m.p . 333-335° (from dimethylformamide) (Found : C, 55 . 1; 
H, 2 . 9 ; N, 29 .0 %). When lead tetra-acetate in acetic 
acid (instead of benzene) was used for the oxidative 
cyclization step, the [1,5-a ] isomer was isolated 
directly (76 %). 
3-Styryl-s-triazolol4,3-a]- and 2-styryl-s -
triazolo[l,5-a]pyrimidine (II.27h; II .28h) 
94. 
S~milar procedures (using cinnamaldehyde initially) 
gave N-cinnamylidene-N'-(pyrimidin-2-yl)hydrazine (79 %), 
m.p. 228-230° (from dioxane) (Found: C, 69.2; H, 5.5; 
N, 25.2. 
N, 25.0 %). 
c13H12N4 requires C, 69.6; H, 5.4; 
0 N . m . r . ( 10 0 MHz ; 3 2 ) 6 . 8 0 , t , J 5 , H 5 ; 
6.91, s, br, PhCH:CHCH; 6.98, d, J 8, PhCH:CHCH; 
7.34, m, H3' + H4' + HS'; 7.55, m, H2' + H6'; 8.00, d, 
J 8, PhCH:CHCH; 8.44, d, J 5, H4 + H6 ; the styryl-
triazolo[4,3-a]pyrimidine (69 %), m.p. 269 -271° (from 
dimethylformamide-ethanol) (Found: C, 70.1; H, 4.7; 
N, 25 .1. c 13H10N4 requires C, 70.3; H, 4.5; N, 25.2%), 
and the styryltriazolo[l,5-a]pyrimidine (81 % by 
rearrangement; 68 % by lead tetra-acetate in acetic acid 
and oxidative cyclization), m.p. 227-229° (from ethanol) 
(Found: C, 70.3; H, 4.9; N, 25.5 %). 
2-Methoxy-s-triazolo[l,5-a]pyrimidine (II . 28i) 
Pyrimidin-2-ylhydrazine (2 g) and tetramethyl 
orthocarbonate (20 ml) were heated in a sealed tube at 
0 150 for 10 h. Evaporation and recrystallization of 
the residue from ethanol gave the methoxytriazolo-
pyrimidine (47 %), m.p. 166-168° (Found: C, 48.3; H, 4.1; 
N, 37.8. 
5- and 7-Methyl-s-triazolo[4,3-a]pyrimidine 
(II.27k; II.27l) 
4-Methylpyrimidin-2-ylhydrazine (Matsukawa et al . 
1953) (9 g) and triethyl orthoformate (120 ml) were 
stirred in an open flask immersed in a bath at 85° 
during 9 h; ethanol was allowed to distil out. After 
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cooling, the solid was recrystallized from benzene 
-ethanol to give the 7-methyltriazolopyrimidine (3 . 2 g). 
The residue from evaporation of the original filtrate 
was submitted to fractional recrystallization from 
benzene-ethanol to give the same product (0.9 g) and 
its isomer (1.4 g) . The 7-methyl compound (43 %) had 
m. p. 221° (Sirakawa, 1959d: 15 %; · 221°) . The 5-methyl 
compound (14 %) had m.p. 189-190° (Sirakawa, 1959d: 8%; 
190°) . 
5- and 7-Methyl-s-triazolo[l,5-a ]pyrimidine 
(II.28 .t ; II.28k) 
4-Methylpyrimidin-2-ylhydrazine (9 g) and formic 
acid (98 %; 40 ml) were boiled under reflux for 9 h . 
The residue from evaporation was diluted with hot benzene 
and allowed to cool : the 5-methyltriazolopyrimidine 
(2.9 g) crystallized out . The fil,trate was evaporated 
and the solids were fractionally recrystallized from 
benzene-ethanol to give the same product (0.9 g) and its 
7-methyl isomer; more of the latter was obtained by a 
third evaporation followed by extraction with boiling 
0 light petroleum (b . p . 100-120) . The 5-methyl compound 
(39 %) had m. p . 182-184° (Sirakawa , 19 59d ; 33 %; 
1 81-182°) . The 7-methyl compound (23 %) had m.p. 
136 - 138° (Sirakawa , 1959d : 16 %; 138°). 
6 - Methyl-s-triazolo[4,3-a ]- and 
6-methyl-s - triazolo[l , 5-a ]pyrimidine 
(II.27m ; II. 28m) 
9 6. 
4- Thiothymine (Ueda and Fox , 1963) (40 g), hot water 
(600 ml), and concentrated aqueous ammonia (80 ml) were 
stirred while Raney nickel catalyst (160 g, weighed wet) 
was added as quickly as possible . The suspension was 
boiled under reflux with stirring for 8 hand then 
filtered . The cake was washed with hot water and the 
filtrate and washings were evaporated to dryness . 
Recrystallization from water gave 5-rrethyl pyrimidin-2 (JJi)-one 
l 3 2 o (11 . 29 ; R =R =H , R =Me) (66 %) , m.p . 209-211 (Laland and 
0 Serck-Hanssen, 1964 : 210) . This material (20 g ) and 
phosphoryl chloride (180 ml) were boiled unde r reflux 
for 15 h . The residue after removal of most of the 
phosphoryl chloride was stirred in ice for 20 min . The 
solid was filtered off and added to ether extracts of 
the filtrate . Evapora tion gave 2-chloro-5-methyl-
pyrimidine (II.30; R1=R3=H, R2=Me) (52 %) , m.p. 91 - 92° 
(Brown and Waring , 1 973: 91 ° ) . N. m. r . 2. 27 , s ' Me; 
8 . 63 , s ' H4 + H6 . The chloropyrimidine (10 g) ' 
hydrazine hydrate (100 %; 40 ml) , and ethanol (80 ml) 
were heated under re f lux on the steam bath for l h . 
The residue from evapora t ion in a vacuum crystallized 
from ethanol to give 5-methylpyrimidin-2-ylhydrazine 
(II.22; R1=R3=H, R2=Me) (70 %), m.p . 140-142° (from 
benzene) (Brown and Hoskins, 1972: 143-144°) (Found: 
97. 
C, 48 . 4; H, 6 . 7; N, 45.5. Cale. fo r c5H8N4 : C , 48.4; 
H, 6.5; N, 45.1%) . 
H4 + H6. 
N.m.r. 2.07, s, Me; 8.18, s, 
Treatment of this pyrimidine for 2 h with triethyl 
orthoformate, as for the homologue (II.27a), gave the 
0 6-methyltriazolo[4,3-a ]pyrimidine (81 %), m.p. 186-188 
(from ethanol) (Found: C, 53 . 5; H, 4.8; N, 42.2. 
c 6H6N4 requires C, 53.7; H, 4 . 5; N, 41.8 %). 
Similar treatment of 5-methylpyrimidin-2-ylhydrazine 
with 98 % formic acid gave the isomeric 6-methyltriazolo 
[1,5-a ]pyrimidine (44 %), m.p. 155-156° (from ethanol) 
0 (Makisumi, Watanabe, and Tori, 1964: 157-158) (Found: 
C, 53.8 ; H, 4.6; N, 41.8 %). 
Dialkyl-s-triazolo[4,3-a ]pyrimidines 
4-Methylpyrimidin-2-ylhydrazine (10 g) and triethyl 
orthoacetate (100 ml) were stirred and heated (without a 
reflux condenser) at 80° for 7 hand then at 90° for 2 h. 
The solid was filtered off before cooling. Purification 
by chromatography (chloroform; alumina), followed by 
recrystallization from benzene containing a little 
ethanol, gave 3,5-dimethyl-s-triazolo[4,3-a ]pyrimidine 
(II.27m) (13 %), m.p . 228-229° (Found: C, 56 . 7; H, 5 . 1; 
N, 37.3 . c 7
H
8
N4 requires C , 56.7; H, 5 . 4; N, 37.8 %) . 
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The residue from evaporation of the orig inal filtrate in 
a vacuum, recrystallized from benzene-ethanol to give 
the isomeric 3,7-dimethyl-s-triazolo[4,3-a]pyrimidine 
(II.270) (42 %), m.p. 190-192° (Found: C, 56.6; H, 5.4; 
N, 37.5 %). 
5-Methylpyrimidin-2-ylhydrazine (v.s.) (3 g) and 
triethyl orthoacetate (50 ml) were boiled under reflux 
for 1 hand cooled. The first crop of solid was 
filtered off and evaporation of the filtrate, followed 
by trituration with a little benzene, gave a second 
crop. The 3,6-dimethyl-s-triazolo[4,3-a ]pyrimidine 
(II.27p) (74 %) had m.p. 212 -213° (from benzene) (Found: 
C, 56.8; H, 5.3; N, 38.2. 
H, 5.4; N, 37.8 %). 
4,6-Dimethylpyrimidin-2-ylhydrazine (Boarland , 
McOmie and Timms, 1952) (5 g) and triethyl orthoformate 
(30 ml) were heated under reflux for 3 hand then 
refrigerated to give 5,7-dimethyl-s-triazolo[4,3-a ]-
pyrimidine (II.27q) (64 %), m.p. 170° (Sirakawa, 1959c; 
Williams, 1960: 166-169°). 
He ptane-3 , 5-dione (Brandstrom, 1951) (51 g), urea 
(20 g), butanol (200 ml), and concentrated hydrochloric 
acid (40 ml) were boiled under reflux for 7 h. After 
chilling, the first crop was removed and the filtrate 
was evaporated to yield a second crop. Crystallization 
of the whole fr om ethanol gave 4,6-diethylpyrimidin-
2(1H)-one hydrochloride (II.29; R1=R3=Et, R2=H) (85 %), 
m.p. 205-207o (Found: C, 51.1; H, 6.9. C8H13ClN 20 
requires C, 50.9; H, 6 .9 %). N.m.r. 1.23, t, J 7, 
Me2 of 4-Et + 6-Et; 2.83, q , J 7, 4-CH2 + 6-CH2; 
6.88, s, HS; 9.15, br, NH. 
The above hydrochloride (40 g) and phosphoryl 
chloride (200 ml) were heated under reflux for 15 h. 
After removal of the excess of phosphoryl chloride in 
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a vacuum, the residue was stirred with ice for 20 min . 
Extraction with ether and distillation of the extract 
gave 2-chloro-4,6-diethylpyrimidine (II.30; R1=R3=Et, 
R2=Cl) (83 %), b.p. 66°/0.3 mm (Found: C, 56.7; H, 6.4; 
N, 16.5. 
N, 16.4 %). 
C8H11ClN 2 requires C, 56 . 3 ; H, 6.5; 
N.m.r. 1.25, t , J 7, Me 2 of 4-Et + 6-Et; 
2.78, q, J 7, 4-CH 2 + 6-CH 2 ; 7.47, s, HS. 
The foregoing chloropyrimidine (34 g) , ethanol 
(90 ml), and 100 % hydrazine hydrate (50 ml) were heated 
under reflux for 15 min. The solution was diluted with 
water (60 ml). After refrigeration the product was 
removed and concentration of the filtrate gave a second 
crop: 4,6-diethylpyrimidin-2-ylhydrazine (II .22; 
l 3 2 ) o R =R =Et, R =H) (82 % had m.p. 77-79 (from aqueous 
ethanol) (Found: C, 58.0; H, 8. 7; N, 33 .9. C8H14N4 
requires C, 57.8; H, 8.5; N, 33.7 %). N. m.r. 
] .17, t, J 7, Me 2 of 4-Et + 6 - Et; 2 .55, q, J 7, 
4-CH 2 + 6-CH 2 ; 4.08, br, NH 2 ; 6.48, s, H6; 7.95, br, NH. 
This pyrimidine (3 g) and triethyl orthoformate 
(30 ml) were heated under reflux for 12 h. The residue 
from evaporation was diluted with benzene-ether and 
refrigeration gave 5,7-diethyl-s-triazolo[4,3-a]pyrimidine 
(II.27r) (82 %), m.p. 89-91° (Found: C, 61.1 ; H, 7.0; 
N, 32.2. c 9H12N4 requires C, 61.3; H, 6.9; N, 31.8%). 
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Dialkyl-s-triazolo[ l , 5- a ]pyrimi dine s 
Each dimethyl-s-triazolo[4,3-a ]pyrimidine (II.27n-q) 
(2.0 g) was boiled under reflux in glacial acetic acid 
(30 ml) for 10-20 h. Evaporation followed by 
recrystallization of the residue from benzene and/or 
light petroleum gave, respectively: 2,7-dimethyl-s -
triazolo[1;5-a ]pyrimidine (II.28n) (60 %)_, m.p. 161-162° 
(Makisumi, 1961: 162°); 2,5-dimethyl-s-triazolo[l,5-a }-
pyrimidine (II.280) (45 %), m.p. 106-108° (previously 
described (Makisumi, 1961) only as a monohydrate, m.p. 
0 8 6- 8 8 ) (Found: C, 5 7 . 0; H, 5. 5; N, 3 8 . 3. 
requires C, 56.7; H, 5.4; N, 37.8%); 2,6-dimethyl-
s -triazolo[l,5-a ]pyrimidine (II.2 8p) (80 %), m.p. 
195-196° (Found: C, 56.4; H, 5.4; N, 37.3. c7H8N4 
requires C, 56.7; H, 5.4; N, 37.8%); and 
5,7-dimethyl-s-triazolo[l,5-a ]pyrimidine (II.28q) (55 %) , 
0 
m.p. 135-136 (Sirakawa, 1959c; Williams, 1960: 
135-137°). 
Although it was virtually stable to treatment with 
acetic acid as above, 5,7-diethyl-s -triazolo[4,3-a ]-
pyrimidine (II.27r) (3 g) did rearrange on boiling under 
reflux for 20 h in acetic acid (40 ml) containing 
concentrated hydrochloric acid (1 ml). The residue 
from evaporation was diluted with water, neutralized 
with sodium hydrogen carbonate, and again evaporated 
to dryness. The solid was extracted with boiling dioxan. 
The extract was treated with sodium sulphate and then 
evaporated to give 5,7-diethyl-s~triazolo[l,5-a] 
pyrimidine (II.28r) (53 %), m.p. 68-70° (from benzene 
-light petroleum) (Found: C, 61.1; H, 6.8; N, 31.7. 
c9tt 12N4 requires C, 61.3; H, 6.9; N, 31.8 %). 
Trialkyl-s-triazolo[4,3-a]pyrimidines 
4,6-Dimethylpyrimidin-2-ylhydrazine (Boarland 
et al. 1952) (5 g) was heated under reflux in triethyl 
orthoacetate (50 ml) for 3 h or in triethyl ortho-
propionate (50 ml) for 40 min. Each solution was 
cooled to give a first crop and then evaporated, with 
subsequent dilution of the residue by benzene, to give 
a second crop. Of the respective products, 
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3,5,7-trimethyl-s-triazolo[4,3-a ]pyrimidine (II.27s) 
(87 %) had m.p. 207° (Williams, 1960: 54 %, 207°); and 
3-ethyl-5,7-dimethyl-s-triazolo[4,3-a]pyrimidine (II.27t) 
(61 %) had m.p. 184-186° (from benzene) (Found: C, 61.l; 
H, 6.5; N, 31.9. 
N,31.8 %). 
Similar treatment of 4,6-diethylpyrirnidin-2-yl-
hydrazine with triethyl orthoacetate for 20 h gave 
5,7-diethyl-3-methyl-s-triazolo[4,3-a ]pyrimidine (II.27u) 
( 8 5 % ) , m. p. 9 2-9 4 ° (Found: C, 6 3. 2 ; H, 7. 5 ; N, 2 9. 5. 
c10tt 14N4 requires C, 63.l; H, 7.4; N, 29.5 %). 
Trialkyl-s-triazolo[l,5-a]pyrimidines 
The above triazolo[4,3-a]pyrimidines (II.27s, 
II. 27u) were heated under reflux in acetic acid ( 15 parts) 
for 20 h. Evaporatiort gave, respectively, 
2 , 5 , 7- trimethyl-s - triazolo[l , 5-a ]pyrimid ine (II . 28s) 
(6 6%) , m. p . 144-146° (from benzene-light petroleum) 
(Paudler and Helmick , 1966 ; Williams , 1960: 139 - 141°); 
a nd 5 , 7- diethyl-2-methyl-s-triazolo[l,5-a ]pyrimidine 
102 . 
( I I. 2 Su ) ( 70 %) , m. p . 80-82° ( from benzene-light petroleum) 
(Found : C , 63 . l ; H, 7 . 5; N, 29 . 4 . 
C , 63 . 1 ; H, 7 . 4; N, 29 . 5%) . 
The ethyldimethyltriazolo[4 , 3-a ]pyrimidine (II.27t) 
underwent satisfactory rearrangement only by heating for 
40 h in acetic acid containing hydrochloric acid, as for 
the analogue (II . 28r) above : the resulting 
2 - ethyl-5 , 7-dimethyl-s-triazolo[l , 5-a ]pyrimidine (II . 28t) 
(34 %) , had m. p . 119 - 121° (from benzene-light petroleum) 
(Found : C, 61 . 4 ; H, 6 . 7 ; N, 31.9 . 
C , 61 . 3; H, 6 . 9; N, 31 . 8%) . 
VI - 1- B Measurement of rates 
-3 A solution ( c . 2 . 5x l0 M) of each triazolo[4 , 3-a ] 
pyrimidine (50 . 0 ml) was kept at 22° (for alkali) or 50° 
( for acid) and then diluted with an equal volume of 
0. 01~ potassium hydroxide or 0.2~ hydrochloric acid at 
the same temperature . Samples (5 . 0 ml) were withdrawn 
from the solution in the thermostat immediately and at 
appropriate intervals during >90 % of the reaction : each 
was made up to 25 . 0 ml with aqueous pH 7 buffer and the 
u . v . absorption at a predetermined wavelength was recorded. 
The t k values were determined from the first - order rate 
2 
p l ots . Variations i n temperature , pH , or H0 were 
introduced in certain cases . 
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The rate of change of optical density was obtained 
by plotting log against time ( e . g . Fig. II-6). 
From the slope of the graph the first rate constant (k) 
was determined (graphical method): 
-1 k = slope x 2.303 min. 
The half-time for disappearance or appearance was 
calculated: 
ti = ln 2 . ., k min. 
'2 
In addition, first-order rate constants for the 
rearrangement of s -triazolo[4,3-a ]pyrimidines into 
s-triazolo[l,5-a ]pyrimidines were calculated from the 
standard equation: 
t ½ = Ln 2/k = (2.303 Log 2)/k 
where tis time (sec), A is optical density at time 
infinity, Xis optical density at time, and k is 
velocity constant. Each reaction was followed to at 
least 90 % completion with standard deviation ~3 %. 
Rate constants ( k ) were calculated with the aid of a 
computer program written in focal on a PDP-8 computer 
using the above expression. A typical print out is 
shown in Fig. VI-1. The program provides an average 
value of the rate parameter, and the standard deviation. 
The half-reaction time (t½) is also indicated. 
values were in good agreement with those calculated: 
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Fig. VI-1. Computer print-out for the calculation 
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of rate constants for the rearrangement of 3-methyl-
s-triazolo [4,3-a ]pyrimidine (II.27c) into 2-methyl-
s-triazolo[l,5-a]pyrimidine (II.28c) at so 0 and pH 1.07. 
e . g . t ½ for rearrangemen~ of 3-methyl-s-triazolo 
[4,3-a ]pyrimidine (II.27c) into 2-methyl-s-triazolo-
[l,5-a ]pyrimidine (II.28c) at 50° and pH 1.07 was 
29.0 min (graphical) and 29.5 min (calculation), 
respectively. 
VI-2 Preparative and Procedural Details of 
s-Triazolo[4 , 3-c]pyrimidines and their 
~-c ] Isomers [cf . Chapter III] 
VI-2-A Preparations 
104 . 
Pyrimidine substrates were prepared by the 
indicated methods: pyrimidin-4-ylhydrazine (Brown and 
Short, 1953; Crooks and Robinson, 1969); 2-methyl-
pyrimidin-4-ylhydrazine (Miller and Rose, 1963); 
5-methylpyrimidin-4-ylhydrazine (Vanderhaeghe and 
Claesen , 1959); 6-methylpyrimidin-4-ylhydrazine (Shiho 
and Takahayashi, 1955); 2 ,6-dimethylpyrimidin-4-
ylhydrazine (Miller and Rose, 1963); 5,6-dimethyl-
pyrimidin-4-ylhydrazine (Vanderhaeghe and Claesen, 1959); 
and 2,5,6-trimethylpyrimidin-4-ylhydrazine (Miller and 
Rose , 1963). Equimolecular proportions of ethyl 
sodioformylpropionate and acetamidine hydrochloride 
were condensed according to Williams et al. (1937), 
excepting that ethanol containing sodium ethoxide 
(0.5 mol. equiv.) was used as solvent with continuous 
shaking. The resulting 2 , 5-dimethylpyrimidin-4(3H)-one 
(30 %; c f. Williams et ai ., 1937 17 %) was converted into 
the corresponding 4-chloropyrimidine. This compound 
(31 g), hydrazine hydrate (31 ml), and water (31 ml) 
were heated on the steam bath for 10 min. The 
precipitate, plus the residue from concentration, 
recrystallized from ethanol to give 2,5-dimethyl-
pyrimidin-4-ylhydrazine (83 %), m.p. 198-200° (Found: 
C, 52.3; H, 7.3; N, 40.8. c 6H10N4 requires 
105. 
C, 52.2; H, 7.3; N, 40.6 %). N.m .r. 1.92, s, 5-Me; 
2.35, s, 2-Me; 5.47, br, NH2; 7.73, s, H6. 
The following general synthetic procedures 
(Methods A-G) were used subsequently; details of 
temperatures, times, yields, spectra, analyses, eta . 
appear under specific compounds. 
Method A. 
Direct route to s-triazolo[4,3-a ]pyrimidines 
(III.10) and/or their [1,5-a] isomers (III.12) 
A mixture (III.8) of a pyrimidin-4-ylhydrazine 
(2 g) and an orthoester (40 ml) was heated in an open 
flask at 70-110° (oil bath) or boiled under reflux for 
1-30 h. Chilling usually gave the triazolo[4,3-a]-
pyrimidine. Evaporation of the filtrate and recryst-
allization of the residue from ether or benzene-light 
petroleum gave more of the above and/or its [1,5-a] 
isomer. If necessary, further separation was achieved 
by fractional recrystallization or chromatography 
(alumina; methanol-ethyl acetate). The [4,3-a] isomer 
was usually recrystallized finally from fresh orthoester. 
Method B. 
N-{1-Ethoxyalkylidene)-N '-(pyrimidin-4-yl) 
hydrazines (III.9) 
The same mixture (III.8) as in Method A was 
heated at 75-80° for 1 h. Refrigeration gave the 
ethoxyalkylidene compound (III.9) and concentration 
of the filtrate in a vacuum gave a second crop. 
Method C. 
s-Triazolo[4,3-c]pyrimidines (III.10) 
from intermediates (III .9 ) 
106. 
The ethoxyalkylidene intermediate (III.9) (1 g) 
and dimethylformamide (20 ml) were stirred at 90° for 
3 h. Evaporation in a vacuum and trituration of the 
residue with a little ether gave the triazolo[4,3-a]-
pyrimidine. 
Method o. 
s-Triazolo[l , 5- c ]pyrimidines (III.12) 
from intermediates (III .9) 
The intermediate (III.9) (0 . 5 g) was heated without 
vacuum at 180-190° in a sublimation apparatus with cold 
finger. Usually within 5 min cyclization was finished 
and sublimation of the s -triazolo[l,5-c]pyrimidine was 
completed rapidly by application of a vacuum. Altern-
atively , the intermediate (III.9) (0.5 g) was boiled under 
reflux in glacial acetic acid (20 ml) for l h . Evapor-
ation and recrystallization of the residue from benzene 
- light petroleum gave the same product (III . 12) . 
Method E . 
s - Triazolo[l , 5-c]pyrimidines (III . 12) 
from isomers (III.10) 
107 . 
The s - triazolo[4 , 3-c]pyrimidine (III . 10) (1 g) and 
g l acial acetic acid or formic acid (15 ml) were boiled 
under reflux for 0 . 3-12 h . Removal of the volatiles 
in a vacuum and trituration of the residue with ether 
gave the triazolo[l,5-c]pyrimidine , usually recryst-
allized from benzene-light petroleum . 
Method F. 
N-(s-Triazolo-3'-ylalkenyl)acylamines (III.11) 
from the triazolopyrimidines (III.10) or (III . 12) 
The triazolopyrimidine (III . 10) or (III.12) (2 g) 
and water (30 ml) were boiled under reflux for 5- 20 h 
with t . l . c. monitoring. Evaporation in a vacuum and 
recrystallization of the residue gave the acylamine 
(III.11). 
Method G. 
s - Triazolo[l,5- c ]pyrimidines (III.12) 
from acylamines (III . 11) 
The N-(s - triazol-3 '-ylalkenyl)acylamine (III .11) 
was cyclized, as for the intermediate (III . 9) in 
Method D, except that 10 min fusion was required; 
alternatively, boiling in acetic acid for 1-2 h (as in 
Method E) was equally effective . 
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s-Triazolo[4 , 3-c]pyrimidine (III.l 0a) 
and its [1,5-c] isomer (III.12a) 
Pair (III.Sa) by Method A (80°; 3 h) gave 
s -triazolo[4,3-c]pyrimidine (III . l0a) (41%), m.p.165-167° 
(Found: C, 49.8; H, 3.5; N, 46.3. 
C, 50 . 0; H, 3 . 4; N, 46.6 %). Evaporation of the 
mother liquors gave the [1,5-c] isomer (11%) , described 
below. 
Pair (III.Sa) by Method B (80°) gave 
N- ethoxymethylene- N'- (pyrimidin-4-yl)hydrazine (III.9a) 
(62 %), m.p. 114-116° (from diethyl ether) (Found: 
C, 50. 5; H, 6 .1; N, 34. 0. C7HlON40 requires 
C, 5 0. 6; H, 6 . 1; N, 33.7 %) . N.m.r . 1.27, t, J 7, Me; 
3.40, br, NH; 4.17, q, J 7, CH 2 ; 6 . 83 , q , J5,6 6 , J2 ,5 
HS; 8 . 13, s, EtOCH ; 8. 25, d, J 6 , H6; 8. 4 7, s, br, H2. 
This intermediate (III.9a) by Method C gave the above 
triazolo[4,3-c]pyrimidine (III.l0a) in 69 % yield. 
1, 
Pair (III.Sa) by Method A (90°; 5 h) gave 
s -triazolo[l,5-c ]pyrimidine (III.12a) (64 %), m.p. 117-119° 
( from benzene-ethanol) (c f. Jenko, Stanovnik, and Tisler , 
1976; 109°) {Found: C, 50.2; H, 3 .5; N, 46.9. 
Calculated for c5H4N4 : C , 50.0; H, 3 . 4; N, 46.6 %). 
The same product (III.12a) was made (i) from the inter-
mediate (III.9a) by Method D (fusion at 180°: 83 %; 
heating in acetic acid: 70 % yield) ; (ii) by isomerization 
of the [4,3-c] isomer (III.l0a) using Method E (formic 
acid; 20 min; 75 % yield) ; and (iii) by cyclization of 
the triazole (III.lla) described below, by Method G 
(fusion; 68 %; acetic acid for 1 h : 80 % y ield). 
Monoalkyl-s-triazolo[4 , 3-c]pyrimidine s 
and their [1,5-c] isomers 
109 . 
Pair (III.Sb) by Method A (reflux; 4 h) gave 
5-methyl-s-triazolo[4 , 3-c]pyrimidine (III.l0b) (37 %), 
0 
m. p . 214-216 (Found: C, 53 . 9 ; H, 4 . 6 ; N, 41.6 . 
c6u6N4 requires C, 53 . 7; II, 4 . 5; N, 41.8 %). This 
compound (III . l0b) by Method E (5 h) gave 5- methyl- s-
triazolo[l , 5- c]pyrimidine (III.12b) (60 %) , m. p . 119- 120° 
(from toluene) (Found: C, 53 . 4 ; H, 4 . 6 ; N, 41.8 %). 
Pair (III . Sc) by Method A (105°; 20 h) gave 
7-methyl-s - triazolo[4 , 3-c]pyrimidine (III.l0c) (43 %) , 
m. p. 2 0 5-2 0 8 ° (Found: C , 5 3 . 8 ; H, 4 . 7 ; N, 41 . 7 ) . 
This material (III . l0c) by Method E (3 h) isomerized 
to 7-methyl-s-triazolo[l , 5-c]pyrimidine (III . 12c) (65 %) , 
m. p . 120 - 122° (from toluene-ethanol) (Found: C , 54 . 0 ; 
H, 4 . 7 ; N, 41.8 %) . 
0 Pair (III . 8d) by Method A (72 ; 1 h) gave 
8-methyl-s-triazolo[4 , 3- c]pyrimidine (III . l0d) (56 %) , 
m. p . 145-146° , separated from a little of the [1 , 5- c] 
isomer (see below) by recrystallization from ethyl 
acetate (Found : C , 53 . 7; H, 4 . 5 ; N, 41.4 . c6H6N4 
requires c , 53 . 7 ; H, 4 . 5 ; N, 41.8 %) . 
Pair (III . 8d) by Method A (90° ; 4 h) gave 
8-methyl-s - triazolo[l , 5-c]pyrimidine (III . 12d) (64 %) , 
m. p . 92-94° (Found : C , 53 . 8 ; H, 4 . 8 ; N, 42 . 2%) . 
110. 
Pair (III.Se) by Me t hod A (90°; 4 h, without 
concentration) gave 3- methyl-s-triazolo[4,3-c]pyrimidine 
(III.l0e) (55 %), m. p . 234-237° (from dioxane) (Found : 
C, 53.6; H, 4.3; N, 42 . 2%) . Evaporation of the 
mother liquors from the reaction mixture gave the 
intermediate (III . 9e) (18 %), described below. 
Pair (III . Se) by Method B (80°) gave 
N-(l-ethoxyethylidene)-N'-(pyrimidin-4-yl)hydrazine 
(III.9e) (66 %) , m. p. 145-147° (from triethyl orthoacetate) 
(Found: C, 53.3; H, 6 . 3; N, 31.2. 
C, 53 . 3 ; H, 6 . 7; N, 31.1%). N.m . r . 1.27, t , J 7 , 
Me of Et; 2 . 03 , s, Me; 3 . 37, br, NH ; 4.13 , q , J 7, CH2; 
6.83 , q, J
5 16 
6 , J 2 , S 1 , HS; 8 . 25, d, J 6, H6; 8 . 50, d , 
J 1, H2 . This intermediate by Method C gave the above 
triazolo[4,3-c]pyrimidine (III . l0e) in 65 % yield . 
Pair (III . Se) by Method A (reflux; 30 h) gave 
2-methyl-s-triazolo[l , 5-c]pyrimidine (III . 12e) (71 %) , 
0 m. p. 103-104 (Found: C , 53.8; H, 4 . 6 ; N, 41 . 9 . 
c
6
H
6
N
4 
requires C , 53.7 ; H, 4 . 5; N, 41 . 8%). The 
same product was obtained from the intermediate (III . 9e) 
by Method D [fusion at 190° for 10 min gave 22 % (the 
unsublimed residue furnished the isomer (III . l0e) in 
49 % yield); acetic acid gave 50 % yield] . 
Pair (III.Sf) by Method A (90°; 8 h) gave a mixture, 
separable by fractional recrystallization from toluene, 
of 3-ethyl-s-triazolo[4 , 3-c]pyrimidine (III.l0f) (54 %) , 
0 m.p. 163-165 (Found: C , 56 . 7; H, 5 . 5; N, 37 . 8 . 
c
7
H
8
N
4 
requires C , 56 . 7 ; H, 5 . 4; N, 37 . 8%) and its 
[1, 5-c] isomer (30 %), described b elow . 
111. 
Pair ( III .S f) by Method B (76°) g ave a mixture , 
separable by fractional recrystallization from ether , of 
(~)-N-(l- ethoxypropylidene)-N '-(pyrimidin-4 - yl)hydrazine 
(III.1 4) (44 %) colourless prisms of m. p . 103 - 105° (from 
ether-light petroleum) (Found : C, 55 . 6 ; H, 7.3; N, 28 . 9. 
c 9H14N4o requires C , 55.7; H, 7.3; N, 28 . 8%) (N.m . r. 
1 .0 3 , t , J 7 , Me of C-Et; 1 . 27 , t , J 7 , Me of OEt; 2 . 50, 
q , J 7 , CH 2 of C-Et; 4 . 13 , q , J 7, CH 2 of OEt ; 6 . 85 , q , 
J 5 , 6 6, J 2 , S 1 , HS ; 8 . 25 , d , J 6 , H6; 8 . 50 , d , J 1, H2; 
9 . 80 , br, NH) and its geometric (~)-isomer as hemihydrate 
( 6 % ) , 0 colourless ' leaves ' of m.p . 81-83 (from ether-light 
petroleum) (Found : C , 53 .l; H, 7. l; N, 2 8 . 0 . 
C9Hl4N40 + 0 . SH 2O requires C , 53 . 2; H, 7. 4; N, 27.6 %) 
(N.rn.r. 1.11, t , J 7 , Me of C-Et; 1. 2 8 , t, J 7 , Me of OEt; 
2 . 4 7 , q , J 7 , CH 2 of C-Et; 4 .17, q , J 7, CH 2 of OEt; 
6 . 98 , q , J 5 , 6 6 , J 2 , S 1 , HS ; 8 . 28 , d , J 6 , H6; 8 . 50 , d , 
J 1 , H2; 9 . 32 , br, NH) ;dehydration of the latter 
(40°; 15 mm; 12 h) gave the anhydrous (~)-isomer (III . 13) , 
0 
m.p. 80-81 (Found: C , 56 . l; H, 7 . 6 ; N, 29 . 5 . 
c
9
H14N4o requires C , 55 . 7 ; H, 7 . 3 ; N, 28 . 9 %) with the 
same n.m.r. spectrum . The unseparated mixture (III . 9f) 
above gave by Method C the triazolo[4 , 3- c ]pyrimidine 
(III.l0f) in 72 % yield . 
Pair (III.Sf) by Method A (reflux; 20 h) gave 
2-ethyl-s-triazolo[l , 5-c ]pyrimidine (III.12f) (65 %), 
m.p. 54-ss 0 (Found : C, 56 . 5 ; H , 5 . 4; N, 37.8 . C7H8N4 
requires C , 56 . 7 ; H , 5.4; N, 37 . 8%). The same product 
112. 
(III.12f) was obtained from the intermedia te (III . 9f) by 
Method D (acetic acid: 60 %; fusion at 190° for 30 min: 
77 %). Fusion of (III . 9f) at 160° for 3 min, followed 
b y extraction of the cooled residue , gave the (4 , 3-c] 
isomer (III.l0f) in 80 % yield . Treatment of the 
triazole (III . llf) by Method G (acetic acid; 2 h) also 
gave the product (III.12f) (81 %) . 
Dialkyl-s-triazolo[4 , 3-c]pyrimidines 
and their (1 , 5-c ] isomers 
Pair (III . 8g) by Method A (85°; 5 h) gave 
5,7-dimethyl-s-triazolo[4 , 3-c]pyrimidine (III . l0g) (63 %), 
0 . 
m. p . 128-130 (from benzene-light petroleum) (Found : 
C, 56.7; H, 5.3; N, 38.0 . 
H, 5.4; N, 37 . 8%) . Isomerization (Method E; 3 h) 
thence gave 5,7-dimethyl-s-triazolo[l , 5-c]pyrimidine 
(III.12g) (75 %), m.p. 84-85° (Found: C, 57 . 0; H, 5.4; 
N, 38 . 0%). 
Pair (III.Sh) by Method A (reflux; 6 h) gave 
5 , 8-dimethyl-s-triazolo [ 4, 3-c ] pyrimidine (III . l0h) ( 66 %), 
0 
m. p. 189-191 (Found: C, 56 . 9 ; H, 5 . 2; N, 37 . 7%). 
Method E (15 h) gave the isomeric 5,8-dimethyl-s-
triazolo[l , 5-c]pyrimidine (III.12h) (83 %), m. p. 80-82° 
( from benzene-light petroleum) (Found: C , 56 . 7 ; H, 5 . 7; 
N, 38.1%). 
Pair (III . Bi) by Method A (reflux ; 4 h) gave 
3 , 5-dimethyl-s-triazolo[4 , 3-c ]pyrimidine (III . l0i) (50 %), 
m.p. 174-176° (Found: C , 56 . 7; H, 5 . 6; N, 38 .0 %) . 
113. 
This material (III.l0i) by Method E (5 h) gave 
2 , 5-dimethyl- s -triazolo [1 , 5-c] pyrimidine (III . 12i) (60 %) 
0 
m.p. 79-80 (Found: C, 56 . 5; H, 5.5; N, 38 . 0%). 
Pair (III . 8j) by Method A (reflux; 3 h) gave a 
mixture , separable by fractional recrystallization from 
ether , of 7,8-dimethyl-s-triazolo[4 , 3-c]pyrimidine 
(III.10j) (62 %) , m. p . 179-181° (from benzene) (Found: 
C, 56.9; H, 5.2 ; N, 38 . 0%) and its more soluble 
isomer , 7 , 8-dimethyl-s-triazolo[l , 5-c]pyrimidine (III.12j) 
(26 %) , m. p . 127-128° (Found: C , 57 . 0; H, 5 . 4 ; N, 38.1%). 
The latter was better made from the former, of from the 
unseparated mixture above , by Method E (4 h) in 
c . 70 % yield . 
Pair (III.Bk) by Method A (90°; 15 h) gave an 
initial crop of 3 ,7-dimethyl- s -triazolo[4,3-c]pyrimidine 
0 (III.l0k) (61 %), m.p . 196-198 (from benzene) (Found : 
C , 56 . 9 ; H, 5.5; N, 37 . 6%); the crop from evaporation 
proved to be 2 ,7-dimethyl - s - triazolo[l , 5-c]pyrimidine 
(III.12k) (14 %), m. p. 100-101° (from benzene-light 
petroleum) (Found: C, 57 . 0 ; H, 5 . 4; N, 38 . 1%). The 
latter was better made (in 90 % yield) from the former 
by Method E (5 h). 
Pair (III.Bl) by Method A (90-92° ; 8 h) gave 
3-ethyl-7-methyl-s-triazolo[4 , 3-c]pyrimidine (III . l0l) 
0 (56 %), m.p.162-164 (Found : C , 59 . 2; H, 6 . 1; N, 34 . 5. 
c
8
H
10N4 requires C, 59 . 2 ; H, 6 . 2 ; N, 34 . 5%) . Pair 
( III . Bl) by Method A (reflux ; 8 h) gave, in contrast , 
2-ethyl-7-methyl-s-triazolo[l,5-c]pyrimidine (III.12l) 
(62 %), m.p. 83 - 84° (from benzene-light petroleum) 
(Found: C, 59.4; H, 6.1 ; N, 34 . 6%) . 
Pair (III . Sm) by Me t ho d A (90°; 1 h) gave 
3 , 8- d i methyl-s - triazolo[4 , 3-c ]pyrimidine (III . l0m) 
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( 8 4 % ) , m. p . 170-171 ° (Found : C , 5 6 . 8 ; H, 5 . 5 ; N, 3 8. 3 . 
c7H8N4 requires C, 56 . 7; H, 5 . 4; N, 37 . 8%) . 
Isomerization (Method E; 5 h) thence gave 
2 , 8- dimethyl-s - triazolo[l , 5-c ]pyrimidine (III.12m) (63%), 
0 
m. p . 91 (Found : C, 5 6 . 9; H, 5 . 5; N, 3 8 . 2 % ) • 
Trimethyl - s -triazolo[4 , 3- c]pyrimidines 
and their (1,5 - c ] isomers 
Treatment of pair (III . Sn) by Method A (reflux; 5 h) 
gave 5 , 7 , 8- trimethyl - s - triazo l o[4 , 3- c]pyrimidine (II I. l0n) 
(50 %) , m. p . 198- 200° (Found : C , 59 . 1 ; H, 6 . 2 ; N, 34 . 0) . 
c8H10N4 requires C, 59 . 2 ; H, 6 . 2 ; N, 34 . 5%) . This 
compound (III . l0n) by Method E (6 h) gave 5,7 , 8- trimethyl-
o 
s - triazolo[l , 5-c ]pyrimidine (III.12n) (65 %) , m. p. 80 - 82 
(Found: C, 59 . 6 ; H, 6 . 0; N, 34 . 2%) . 
Pair (III . Bo) by Method A (90° ; 4 h) gave 
3 , 5 , 7- trimethyl-s - triazolo[4 , 3-c ]pyrimidine (III.l0o) 
0 (52 %) , m. p . 182-184 (Found : C , 59 . 3; H, 6 . 4 ; 
N, 34 . 7%) . Isomerization by Method E (2 h) gave 
2 , 5 , 7- trimethyl - s - triazolo[l , 5- c ]pyrimidine (III . 120) 
(85 %) , m. p . 85 - 87° (from toluene) (Found : C , 59 . 2 ; 
H, 6 . 3 ; N, 34 . 3%) . 
Pair (III . Sp) by Method A (reflux ; 6 h) gave 
3 , 5 , 8- trimethyl-s -triazolo[4 , 3- c ]pyrimidine (III . l0p) 
(77 %), m. p. 1 18-120° (Found : C , 58 . 9; H, 5.9 ; N, 34 . 7%) . 
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From this material, Method E (10 h) gave 
2,5,8-trimethyl-s-triazolo[l,5-c]pyrimidine (III . 12p) 
(68 %), m. p. 63-64° (Found: C, 59.3; H, 6.2; N, 34.5%). 
Pair (III.Sq) by Method A (reflux; 3 h) gave 
3,7 , 8-trimethyl-s-triazolo[4,3-c ]pyrimidine (III.l0q) 
(57 %) , m.p. 136 -1 39° (from benzene) (Found : C, 59.6; 
H, 6.3; N, 34 . 7%). Isomerization (Method E; 4 h) 
gave 2,7,8-trimethyl-s-triazolo[l,5-c ]pyrimidine 
(III.12q) (67 %), m. p. 82-84° (Found: C , 59.5; H, 6.5; 
N, 34 . 2%). 
3 , 5,7,8-Tetra-alkyl-s-triazolo[4,3-c ]pyrimidines 
and their (1,5- c ] isomers 
Pair (III.Sr) by Method A (reflux; 6 h) gave 
3,5,7,8-te tramethyl- s -triazolo[4,3-c ]pyrimidine (III . l0r) 
0 (57 %), m.p . 160-162 (from toluene) (Found : C, 61.4; 
H, 6.8; N, 31.6 . c9H12N4 requires C, 61 . 3; H, 6.9; 
N,31.8 %) . Isomerization (Method E; 6 h) gave 
2,5 , 7,8-tetramethyl-s-triazolo[l,5-c ]pyrimidine (III.12r) 
(50 %) , m.p. 66-68° (from toluene-light petroleum) (Found: 
C, 61.0 ; H, 6.8; N, 31.8%) . 
Pair (III.8s) by Method A (reflux; 8 h) gave 
3-ethyl-5 , 7,8-trimethyl- s -triazolo[4,3-c ]pyrimidine 
(III.l0s) (54 %) , m.p. 168-170° (Found: C, 63 .0; H, 7 . 5; 
N, 29 . 4 . c
10 H14N4 requires C, 63 . 1; H, 7 . 4; N, 29 . 5%). 
This compound (III.l0s) by Method E (15 h; purification 
by alumina-ethanol, then recrystallization gave 2-ethyl-
5 , 7, 8-trimethyl-s-triazolo [ 1 , 5-c] pyrimidine ( III .12 s) (60%), 
m.p. 43-45° (Found: C, 63 . 4 ; H, 7 . 5; N. 29.6 %). 
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N-~(s-Triazol-3"-yl)ethylidene]formamide (III . lla) 
The triazolopyrimidine (III . l0a) or (III . 12a) by 
Me thod F ( 5 h) gave the triazolylethy l ideneformamide 
( 6 0%) , m. p . 139-141° (from water) (Found : C, 43 . 2 ; 
H, 4 . 5 ; N, 40 . 5 . 
N , 40 . 6%) . N. m. r . 5 . 77, m, H2 '; 7 . 30, m, Hl '; 
8 . 47, s , HS"+ Hl ; 10 . 87, br , 1 - NH . 
N- ~(s - Triazol-3" - yl)ethylidene]acetamide (III.llb) 
Treatment of the triazolopyrimidine (III . l0b) or 
(I I I . 12b) by Method F (7 hand 20 h , respectively) gave 
the triazolylethylideneacetamide (c . 80 %), m. p . 164 - 166° 
( from ethyl acetate) (Found: C , 47 . 5 ; H, 5 . 4 ; N, 36 . 5 . 
N. m. r . 
2 . 13 , s , Me ; 5 . 7 3 , d , J 9 , H 2 ' ; 7 . 2 5 , m, H l ' ; 8 . 4 3 , s , 
H 5 " ; l 0 . 8 3 , b r , 1 - NH . 
N-[2 ' -{5 " -Methyl- s -triazol-3 "-yl)ethylidene]-
formamide (III . lle) 
The triazolopyrimidine (III.l0e) or (III . 12e) by 
Method F (6 h) gave the methyltriazolylethylidene-
o formamide (50-55 %) , m. p . 136-137 (from aqueous ethanol) 
(Found : C, 47 . 3 ; H, 5 . 1 ; N, 37 . 1 . 
C , 47 . 4 ; H, 5 . 3 ; N, 36 . 8%) . N • m • r • 2 • 3 8 , s , Me ; 
5 . 60 , m, H2 ' ; 7 . 13 , m, Hl ' ; 8 . 33 , s, Hl. 
N-[2'-(5"-Ethyl-s-triazol-3"-yl)ethylidene]-
formamide (III.llf) 
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The substrate (III.l0f) or (III.12f) by Method F 
(6 h) likewise gave the ethyltriazolylethylidene-
o formamide (a. 70 %), m.p. 168-170 (from water) (Found: 
C, 50.8; H, 6.4; N, 33.6 . c 7H10N40 requires 
C, 50.6; H, 6.1; N, 33.7 %). N.m.r. 1.27, t, J 8, Me; 
2 . 7 7 , q, J 8 , CH 2 ; 5 . 7 0 , m, H 2 ' ; 7 . 2 3 , m, H l ' ; 8 . 4 7 , s , 
Hl; 10.83, br, 1-NH. 
N-[2'-(5"-Methyl-s-triazol-3"-yl)ethylidene]-
acetamide (III.lli) 
Application of Method F (7 h) to the dimethyl-
triazolopyrimidine (III.l0i) or (III.12i) gave the 
methyl triazolylethylideneacetamide ( III. lli) ( 79 %), 
m.p. 204-205° (from water) (Found: C, 50.7; H, 6 .1; 
N, 33.9. 
N, 33. 7%). N.m.r. 2.10, s, Ac; 2.38, s, 5"-Me; 
5.63, d, J 9, H2'; 7.18, m, Hl'; 10.83, br, 1-NH . 
VI-2-B Measurement of rearrangement rates 
Each triazolopyrimidine (a . 2.08xl0- 5 mol) was 
weighed accurately in a microanalyst ' s disposable 
aluminium combustion boat (4x4xl2 mm; a . 8 mg) . The 
boat and contents were added to a 250 ml volumetric 
flask almost filled with appropriate buffer (Perrin, 
1963Q) , e . g . pH 4, preheated to, and maintained at, 
the required temperature, e . g . 25°. The flask was 
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stoppered, shaken to en s ure rapid dissolut i on of the 
solute, filled to the mark with extra preheated buffer, 
and shaken again. Samples were withdrawn at suitable 
intervals and each was analyzed spectrometrically at a 
predetermined wavelength. 
The half-time for appearance or disappearance was 
calculated graphically or by standard equation , such as 
described in VI-1-B. 
VI-3 Pre parative Details of Bis- s -triazolo[4,3-a : 
4' , 3'-c ]pyrimidines [c f. Chapter IV-2] 
Bis- s -triazolo[4,3-a :4' ,3'- c ]pyrimidine (IV.la) 
(A) 2,4-Dihydrazinopyrimidine (Boarland, McOmie 
and Timms, 19 52) (IV. Sa) ( 5 g) and 100 % formic acid 
(50 ml) were boiled under reflux for 6 h . Evaporation 
in a vacuum and recrystallization of the residue from 
ethanol gave bis-s-triazolo[4 , 3-a :4' , 3 '-c ]pyrimidine 
(35 %), m. p. 329-330° (from water) (Found: C, 45.3; 
H, 2.7; N, 52 . 4 . 
N, 52 . 5%), M+ 160. 
c6H4N6 requires c, 45 . 0; H, 2.5 ; 
N.m.r . [(CD 3 ) 2 SO] 7 . 40, q, 
J 5 16 8 , J 619 1, H6; 8.35 , d, J 516 8 , HS; 9 . 13, s, H3; 
9.73, d , J 619 1, H9 [CF 3co2H] 7.88, q , J 516 8, J 6 19 1 , 
H6; 8 . 75, d, J 516 8, HS; 9 . 75, s, H3 ; 10 . 08, d, 
J 6 19 1 , H9. 
(B) 2,4-Dihydrazinopyrimidine (2 g), triethyl 
orthoformate (50 ml) , and phosphoryl chloride (3 ml) 
were boiled under reflux for 17 h. After cooling, the 
first crop was collected by filtration . Evaporation 
of the filtrate under reduced pressure and recrystall-
ization of the residue gave a second crop. The 
total yield was 70 %, ide ntical with the product 
from method (A). 
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(C) 2,4-Dihydrazinopyrimidine (2 g), dimethyl-
formamide (20 ml) and phosphoryl chloride (2 ml) were 
boiled under reflux for 3 h to give the same product 
(28 %). 
(D) 2,4-Dihydrazinopyrimidine (4 g) , triethyl 
orthoformate (40 ml), and dimethylformamide (30 ml) 
were boiled under reflux for 6 h. Processing as in 
method (B) gave the same product (86 %). 
(E) 2,4-Dihydrazinopyrimidine (IV.Sa) (2 g) and 
triethyl orthoformate (30 ml) were heated in a sealed 
0 tube at 150 for 17 h. The precipitate d (IV.la) was 
collected (71 %). 
3,9-Dimethyl-bis- s -triazolo[4,3-a :4' ,3'-c ] 
pyrimidine (IV.lb) 
(A) 2,4-Dihydrazinopyrimidine (IV.Sa) (4 g) and 
triethyl orthoacetate (80 ml) were boiled under reflux 
for 18 h. The first crop was collected by filtration . 
Evaporation of the filtrate and recrystallization of 
the residue from ethanol gave a second crop . 
3 , 9-Dimethyl-bis-s-triazolo[4,3-a : 4 ' ,3'-c]pyrimidine 
0 (80 %) had m. p. 304-306 (Found: C, 50.9; H, 4 . 5; 
N, 44.8 . 
M+ 188. 
c 8H8N6 requires C, 51 .0; H, 4.3; N, 44.7 %), 
N. m. r. [(CD 3 ) 2SO] 2.62, s, 3-Me; 2 . 92 , s, 9-Me; 
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7 . 2 7, d , JS,6 8' H6; 8.17, d, JS , 6 8 ' HS [CF 3co2HJ 
3. 1 7, s' 3-Me; 3.35, s' 9-Me; 7. 8 3 , d , JS , 6 8' H6 ; 
8. 52, d , JS ,6 8' HS. 
(B) 2, 4-Dihydrazinopyrimidine (IV . Sa) ( 3 g) , 
triethyl orthoacetate (40 ml), and phosphoryl chloride 
(1 ml) were boiled under reflux for 7 h . The 
precipitated crystals, identical with the above product , 
were collected by filtration and recrystallized from 
ethanol; yield 63 %. 
5-Methyl-bis-s-triazolo[4 , 3-a ; 4 ' , 3 '-c ]pyrimidine 
(IV . le) 
(A) 2,4-Dihydrazino-6-methylpyrimidine (Vander -
haeghe and Claesen, 1959) (IV.Sb) (6 g) and triethyl 
orthoformate (60 ml) were boiled under reflux for 5 h . 
The 5-methyl compound was filtered off and evaporation 
gave the second crop (total 86 %) , m. p . 312-315° (dee.) 
(cf. Karp and Portnyagina , 1970 : 296 - 298°) (Found: 
C , 48.6; H, 3 . 5; N, 48 . 2 . 
H, 3 . 5; N, 48 . 3%), M+ 174. 
d , J 1.2, Me; 7 . 27 , s , br, H6 ; 9.30, s, H3; 5-Me , H6 
9.70, d , J 6 19 1, H9 [CF 3co2H] 3.05, d, J S-Me,H 6 1, 
7.72, s , br , H6; 9.75, s , H3; 10 . 02 , s, H9 . 
(B) 2 , 4-Dihydrazino-6-methylpyrimidine (IV . Sb) 
(2 g) , dimethyl formamide (40 ml) , and phosphoryl 
chloride (2 ml) were boiled under reflux for 4 h to 
give ( IV . le) ( 6 6 % ) . 
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2 , 4-Bis-(2'-formyl hydrazino)-6-methy lpyrimidine 
(IV.6) 
2,4-Dihydrazino-6-methylpyrimidine (IV .Sb ) (2 g) 
and 100 % formic acid (40 ml) were boiled under reflux 
for 12 h. Evaporation and recrystallization of the 
residue from ethanol gave the 2,4-bisformylhydrazino-
6-methylpyrimidine (59 %), m.p . 225-227° (Found: 
C, 40.1; H, 4 . 8; N, 40 . 1 . 
C, 40 .0; H, 4.8 ; N, 40 .0 %) , M+ 210 . N.m.r . 
[(CD3 ) 2so] 2.13 , s, Me ; 5.88 , s , br , HS; 8.03 , s, CHO; 
8 . 10 , s, CHO. 
Prolonged heating (60 h) of the above mixture 
gave the tricyclic compound (IV .le ) above in 28 % yield. 
3 , 5 , 9-Trimethyl-bis-s-triazolo[4,3 - a :4' ,3'-c ] 
pyrimidine (IV . ld) 
2,4-Dihydrazino-6-methylpyrimidine (IV . Sb) (5 g) 
and triethyl orthoacetate (80 ml) were boiled under 
reflux for 5 h to give 3,5,9-trimethyl- bis-s-triazolo-
[4,3-a : 4 ' , 3'-a ]pyrimidine (85 %), m. p . 306-308° (from 
ethanol) (Found: C , 53 . 6 ; H, 5 . 2 ; N , 41 . 9. C
9
H
10
N
6 
requires C, 53 . 5 ; H, 5 . 0; N, 41 . 6%) , M+ 202 . 
N.m . r . [(co3 ) 2so] 2 .7 3, d , J S-Me,H 6 1.2, 5-Me; 2 . 80 , 
s, 3-Me ; 2 . 88 , s , 9-Me; 7 .0 5 , s, br, H6 . 
3 .10, d , J5-Me , H6 1 , 5 - Me ; 3 . 30 , s, 3 - Me ; 3.37, s , 
9-Me; 7 . 57 , s , br, H6. 
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VI-4 Preparative Details for Other Synthese s of 
Bis- s-triazolo[4 , 3-a :4' ,3'- a ]pyrimidines 
[cf . Chapter IV-3) 
2-Chloro-6-methylpyrimidin-4-ylhydrazine (IV.8) 
Stirring 2,4-dichloro-6-methylpyrimidine (Gabriel 
and Colman, 1899) (IV. 7) (20 g) in ethanol (200 ml) with 
100 % hydrazine hydrate (18 ml) at 20° for 20 min gave 
initially 2-chloro-6-methylpyrimidin-4-ylhydrazine 
(IV.8) (51 %) and on longer refrigeration its hydro-
chloride (a . 46 %). The crude base (IV.8), washed 
with dilute ammonia and recrystallized from ethanol, 
had m.p. >320° (dee.) (Found: C, 37.9; H, 4.6; N, 35.1. 
C5 H7ClN 4 requires C, 37.9; H, 4.5; N, 35.3 %). 
N.m.r. 2.25, s, Me; 4.22, s, br, NH 2 ; 6.62, s, HS; 
8.52, s, br, NH. 
5-Chloro-7-methyl-s-triazolo[4,3-a ]pyrimidine 
(IV.9a) 
A mixture of 2-chloro-6-methylpyrimidin-4-
ylhydrazine (IV. 8) ( 2 g) and triethyl orthoformate 
(40 ml) was heated in an open flask at 85° for 20 min 
with stirring. The solid was filtered off and 
evaporation of the filtrate to small volume in a vacuum 
gave a second crop (total: 73 %). The product (IV.9a), 
recrystallized from toluene, had m. p. 166-168° (dee.) 
(Found: C, 43.1; H, 3. 0; N, 33. 3. c6H5ClN 4 requires 
C, 42.8; H, 3. 0; N, 33.2 %). N.m.r. 2. 73, d, 
J 1 , Me; 7 . 2 0 , s , b r , H 8 ; 9 . 3 8 , s , H 3 . 7-Me,H8 
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5-Chloro-3,7-dimet hyl-s-triazolo[4 , 3-c ]pyrimidine 
(IV.9b) 
A mixture of 2-chloro-6-methylpyrimidin-4-
ylhydrazine (IV.8) (2 g) and trimethyl orthoacetate 
(SO ml) was boiled under reflux for 20 h. Working up 
as for (IV.9a) gave the chlorodimethyltriazolopyrimidine 
(41 %), m.p. 203-205° (dee.) (from ethanol) (Found: 
C, 46.4; H, 3.8; N, 30.4. c 7H7ClN 4 requires 
C, 46.0; H, 3.9; N, 30.7 %). N.m.r. 2.85, s, br, 
3-Me + 7-Me; 7.03, s, br, H8. 
7-Methyl-s-triazolo[4,3-c]pyrimidine-S(6H)-thione 
(IV.lOa) 
A mixture of 5-chloro-7-methyl-s-triazolo[4,3-c]-
pyrimidine (IV.9a) and thiourea (0.6 g) and ethanol 
was boiled under reflux for 10 hand then concentrated 
under reduced pressure. The methyltriazolopyrimidine-
thione (38 %) had rn.p. >160° (dee.) (from ethanol) (Found: 
C, 43. 4; H, 3. 6; N, 33.6; S, 19.4. c6H6N4S requires 
C, 43. 4; H, 3. 6; N, 33.7; s, 19.3 %). N.m .r. 
2. 4 7, d, J7-Me ,H8 1, Me; 6 . 77 , s, br, H8; 9 • 02 I s, H3 . 
7-Methyl-s-triazolo[4,3-c ]pyrirnidin-5-ylhydrazine 
(IV.lla) 
Stirring a mixture of 5-chloro-7-rnethyl-s-
triazolo[4,3-c]pyrirnidine (IV.9a) (2 g) and 100 % 
hydrazine hydrate (2 ml) in ethanol (40 ml) at room 
temperature for several minutes gave the 
12 4. 
methyltriazo lopyrimidinylhydrazln e ( 82 %) , m. p .182-184° 
( from e t hanol) (Found : c , 43 . 9 ; H, 4 . 8 ; N, 51.4 . 
c 6H8N6 requ ires C , 43 . 9 ; H, 4 . 9 ; N, 51. 2%) . N. m. r . 
2. 53 , d, J 7 8 1 , Me; 4.5 0, br , NH 2 ; 6 . 42 , s , br , H8 ; - Me , H 
8 . 88 , s , H3 . 
3 , 7-Oimethyl - s-triazolo[4 , 3- c ]pyrimidin-5 -
ylhydrazine (IV . llb) 
Stirring a mixture of 5-chlo ro- 3 , 7- dimethyl -
s - triazolo[4 , 3-c]pyrimidine (IV . 9b) (1 g) and 100 % 
hydrazine hydrate (1 ml) in ethanol (20 ml) at room 
temperature for 20 min gave the dimethyltriazolo-
pyrirnidin-5 - ylhydrazine (75 %) , rn . p . 268-270° (from 
ethanol) (Found: C , 67 . 3; H, 5 . 9 ; N, 47 . 0 . c 7H10N6 
requires C , 67 . 2 ; H, 5 . 7 ; N, 47 . 2%). 
2 . 17 , s , br , 3- Me + 7-Me ; 5 . 88 , s , br , H8. 
N. m. r. 
5-Methyl-bis-s-triazolo[4,3-a : 4 ' ,3 ' - c ]pyrimidine 
(IV . le) 
A mixture of 7-methyl- s -triazolo[4,3 - c ]pyrimidin-
5- ylhydrazine (IV . lla ) (0.5 g ) and triethyl orthoformate 
( 2 0 ml) was heated under reflux for 10 h to give the 
compou nd ( IV . le ) (66 %), identical in all respects with 
t h at prepared by the meth od in Chapter VI - 3 . 
3 , 5 , 9-Trimethyl-bis- s -triazolo [ 4 , 3-a : 4 ' , 3 '- c ]-
pyrimidine (IV . ld) 
A mixture of 3 , 7-dirnethyl-s - triazolo[4 , 3- c ]-
pyrirnidin-5 - ylhydrazine ( IV . llb) (1 g) and trimethyl 
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orthoacetate (30 ml) was heated under reflux for 15 h 
to give the compound (IV.ld) (52 %), identical in all 
respects with that described in Chapter VI-3. 
3,5-Dimethyl-bis-s-triazolo[4,3-a :4' ,3'-c ]-
pyrimidine (IV.le) 
A mixture of 7-methyl-s-triazolo[4,3-c]pyrimidin-
5-ylhydrazine (IV.lla) (1 g) and triethyl orthoacetate 
(20 ml) was heated under reflux for 20 min. The solid 
was collected by filtration and recrystallized from 85 % 
aqueous ethanol to give the product (62 %), m.p. >380° 
( dee . ) (Found: C , 51 . 2 ; H , 4 . 1; N, 4 4 . 7 . 
requires C, 51.l; H, 4.3; N, 44.7 %). N.m.r. 
[CF 3co2H] 2.98, d, J 5_Me,H 6 1, 5-Me; 3.33, s, 3-Me; 
7.53, s, br, H6; 9.83, s, H9. 
6-Methylpyrimidine-2,4(1H,3H)-dithione (IV.ls) 
A stirred suspension of 6-methyl-2-thiouracil 
(IV.12) (70 g) and phosphorus pentasulphide (222 g) in 
2-picoline (1 l ) was heated on a steam bath for 20 min. 
The solution was added to water (1 l ) and then allowed 
to stand for at least 12 h. The crude product was 
filtered off and concentration of the filtrate gave a 
second crop (total: 63 %), m.p. >290° (from 2-methoxy-
0 
ethanol) (Brown, 1959; m.p. >290 ) . N.m.r. 2.07, s, Me; 
6.53, s, HS; 12.8, br, 4-SH; 13.4, br, s, 2-SH. 
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4-llydraz ino-6-metlly l pyrimidine -2 ( 3 11) - Lh ionc ( 1 V. 14) 
This compound was prepared by the method of 
Camerino, Palamidessi, and Sciaky (1960). It had 
m.p. >280° (dee.) (from dimethylformamide) (lit. 272-275°). 
N.m.r. [CF 3co2H) 2.47, s, Me; 6 .47, s, HS . 
6-Methyl-2-methylthiopyrimidin-4-ylhydrazine 
(IV.15) 
Shaking of the above pyrimidine (IV.14) (15 g) and 
methyl iodide (12 ml) in ~-NaOH solution (225 ml) at 
room temperature for several minutes gave the product 
(88 %). Washed with cold water and recrystallized from 
benzene, it had m.p. 145° (Vanderhaeghe and Claesen, 
0 1959: m.p. 142-143 ) (Found: C, 42.6; H, 5.8; N, 32.7; 
s, 18.8. 
N, 32.9; S, 18.8 %). N.m.r. 2.17, s, 6-Me; 2.37, s, 
SMe; 4.28, s, NH 2 ; 6.28, s, HS; 8.25, s, br, NH . 
N'-( 6-Me thyl-2-methylthiopyrimidin-4-yl)formo-
hydrazide (IV.16) 
6-Methyl-2-methylthiopyrimidin-4-ylhydrazine 
(IV.15) (1.5 g) and formic acid (30 ml) were heated 
under reflux for 3 h. Concentration of the solution 
to dryness in vacuo and recrystallization of the residue 
from ethanol gave the forrno hydrazide (54 %), m.p. 198-
2000 (Found: C, 43.1; H, 5.4; N, 28.2; S, 16.2. 
c
7
H
10
N40 5 requires C, 43.4; H, 5.1; N, 28.3; S, 16.2%). 
N.m.r. 2.22, s, 6-Me; 2.42, s, SMe; 6.17, s, br, CHO; 
8.15, s, HS; 9.18, br, NH ; 9.95, br, NH . 
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7-Methyl-5-methylthio-s-triazolo[4,3-c ]pyrimidine 
( IV .17 a) 
6-Methyl-2-methylthiopyrimidin-4-ylhydrazine 
(IV.15) (2 g) and triethyl orthoformate (50 ml) were 
heated under reflux for 15 h. Concentration in a 
vacuum to dryness and recrystallization of the residue 
from a mixture of benzene and diethyl ether gave the 
product (45 %), m.p. 160-162° (from ethyl acetate) (Found: 
C, 46.9; H, 4.4; N, 31.l; S, 17 .7. c7H8N4 S requires 
C, 46 . 7; H, 4.5; N, 31.l; S, 17.8 %). P.m.r. 
2.45, d, J7-Me ,H8 1, 7-Me ; 2.73 , s, SMe; 7.37 , s, br, 
H8 ; 9.33, s, br, H3. 
7-Mcthyl-s-triazolo[4,3-c]pyrimidin-5-ylhydrazine 
(IV.lla) 
A mixture of 7-methyl-5-methylthio[4,3-c]pyrimidine 
(IV.17a) (5 g) and 100 % hydrazine hydrate (5 ml) in 
ethanol (100 ml) was boiled under reflux for 2 h. 
Concentration of the solution under reduced pressure gave 
the methyltriazolopyrimidinylhydrazine (65 %), identical 
in all respects with that prepared from the compound 
(IV. 9a) . 
VI-5 Preparative Details of Bis - s -triazolo[4,3-a : 
l' ,5'- c ]pyrimidines [cf . Chapter IV-4] 
7-Methyl-s-triazolo (1, 5-c] pyrimidin-5 (6H) - one (IV.19a) 
(A) A mixture of 4-hydrazino-6-methylpyrimidin-2(3H) 
-one (Vanderhaeghe and Claesen , 1959) (IV.18) (1 g) and 
100 % formic acid (20 ml) was boiled under reflux for 3 h. 
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Concentration of the mixture in a vacuum gave 
7-methyl - s-triazolo[l , 5-c]pyrimidin- 5(6 H)-one (72 %) , m. p . 
272 - 274° (from ethanol (Found : C , 48 . 2 ; H, 4 . 2; 
N, 37 . 3. c6tt 6N4o requires C , 48 . 0 ; H, 4 . 0; 
N, 37 . 3%). N. m. r . 2 . 2 8 , d , J 7-Me , HB 1 , Me; 
6 . 5 8 , s , br, HS; 8 . 3 3 , s , H2 . [This compound was 
previously reported as its [4 , 3 - c] isomer (IV . 20) 
by La Nace and Giuliani (1975)] . 
(B) When formic acid was replaced in the above 
preparation by triethyl orthoformate , a period of 20 h 
heating under reflux gave the same compound (IV.19a) 
( 7 5 %) . 
(C) A mixture of 2- chloro-6-methylpyrimidin-4-
ylhydrazine (IV.8) (2 g) and 100 % formic acid was boiled 
under reflux for 13 h. Concentration of the mixture to 
dryness in a vacuum and treatment of the residue with 
ethanol gave the compound (IV . 19a) (51 %) . 
(o) A solution of 5-chloro-7-methyl-s-triazolo-
[1 , 5-c ]pyrimidine (IV . 21a) (0 . 5 g) in ~-sodium hydroxide 
(10 ml) was heated on a water bath at 90° for 1 h . 
After neutralization with hydrochloric acid , the 
solution was evaporated to dryness in a vacuum; 
extraction of the residue with hot ethanol and subseq-
uent concentration gave the compound (IV . 19a) (58 %) . 
(E) A mixture of 5-methyl-bis-s - triazolo[4,3 - a : 
l ' , 5 ' -c] pyrimidine (IV . 3a) ( 1 g) , water ( 5 ml) , glacial 
acetic acid (20 ml) , and concentrated hydrochloric acid 
( 20 ml) was heated under reflux for 24 h . The solution 
• 
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was evaporated in a vacuum and the residue was 
neutralized with potassium hydroxide solution. 
Further evaporation and recrystallization of the 
residu e from ethanol gave the compound (IV.19a) (32 %). 
2, 7-Dimethyl-s-triazolo [ 1 , 5-c] pyrimidine-5 (6H)-one 
(IV.19b) 
A mixture of 4-hydrazino-6-methylpyrimidin-2(3H)-one 
(IV.18) (2 g) and trimethyl orthoacetate (40 ml) was 
boiled under reflux for 13 h . The solid was filtered 
off and concentration of the filtrate in a vacuum gave 
a second crop of the dimethyl-compound (total : 71 %), 
m. p . 281-283° (dee . ) (from ethanol) (Found: C, 51.4; 
H, 4 . 9; N, 34.0 . 
N, 3 4 . l % ) . N. m. r . 2 . 2 5 , d, J 7 -Me, H 8 l, 7-Me; 2 . 3 7 , s , 
2-Me; 6 . 45 , s, br , H8. 
5-Chloro-7-methyl - s-triazolo[l , 5- c ]pyrimidine 
(IV . 21a) 
A mixture of 7-methyl-s -triazolo[l,5-c ]pyrimidin-
5(6H)-one (IV . 19a) (6 g) , phosphoryl chloride (180 ml), and 
N, N'-diethylaniline (15 ml) was refluxed for 5 h . The 
excess of volatiles was removed in a vacuum and the 
residue was poured into ice-water. The solid was 
filtered off and extraction of the filtrate with chloro-
form , drying with sodium sulphate , and evaporation of 
the extract gave the chloromethyltriazolo[l , 5-c ]-
pyrimidine ( 69 %), m.p . 156-159° (from ethanol) 
(Found: C , 42.7 ; H, 2.8; N, 33.4. c 6H5ClN 4 
requires C , 42 . 8 ; H, 3.0; N, 33 . 2 %) . N. m.r. 
130 . 
2.5 7, d , J 7 _Me,H 8 1, Me; 7.87, s , br , H8; 8.75, s , H2. 
[This compound was previously reported as the [4 ,3-c] -
isomer (IV.9a): La Noce and Giuliani (1975)). 
5-Chloro-2,7-dimethyl-s-triazolo[l,5-c]pyrimidine 
(IV.2lb) 
A mixture of 2,7-dimethyl - s -triazolo[l,5-c } 
pyrimidin -5 (6H)-one (IV. 19b) (10 g) , phosphoryl chloride 
(300 ml), and N, N'-dimethylaniline (25 ml) was heated 
under reflux for 10 h . The residue from evaporation 
of the excess of phosphoryl chloride , was poured into 
a mixture of ice and water . Extraction of the solution 
with methylene chloride , drying of the extract over 
anhydrous sodium sulphate, and evaporation of the dried 
extract gave the chlorodimethyl derivative (93 %) , m. p . 
0 117-119 ( from toluene) (Found: C, 46 . 0; H , 4 .0; 
N , 30.8 . 
N , 30 . 7 %). 
c7H7ClN 4 requires C , 46 .0; H, 3 .9; 
N. m. r. 2 . 50, s, br, 2-Me + 7-Me , 
7.63 , s , br , H8. 
7-Methyl- s -triazolo[l,5-c ]pyrimidin-5-ylhydrazine 
( IV . 22a) 
(A) Stirring of a suspension of 5-chloro-7-methyl-
s -triazolo[l,5-c ]pyrimidine (IV.2la) (2 g ) in ethanol 
(30 ml) with 100% hydrazine hydrate (3 ml) at room 
temperature for 30 min gave the methyltriazolopyrimidin-
ylhydrazine (88 %) , m. p . 224-226° (from ethanol) (Found : 
131. 
C , 44 . 0 ; H, 5. 0; N, 51. 5 . C6H8N6 requires C , 43 . 9 ; 
H, 4 . 9 ; N, 51.2 %) . N. m. r . 2 . 38 , d , J 7-Me , H8 1, Me; 
4 . 6 0, br , NH 2 ; 6 . 87 , s , br , H8; 8 . 40 , s , H2; 9 . 13 , br , 
[This compound was p r eviously reported as the 
( 4 , 3- a] i s omer (IV . lla): LaNoce and Giuliani (1975)]. 
(B) To a suspension of 7- methyl - s-triazo lo[l , 5- c ]-
pyrimidine- 5 (6H)-thi one (IV.23) (2 g ) i n etha nol (40 ml) was 
a d d ed 10 0% hydrazine hydrate (2 g) . The suspension was 
heated under reflux for 1 h to give the same product as 
above ( 66 %) . 
2 , 7 - Dime thyl- s - triazolo[l , 5- c ]pyrimidin- 5-
ylhydrazine (IV . 22b) 
Stirring o f a suspension o f 5-chloro- 2 , 7- dimcthyl-
s - triazolo[l , 5-a ]pyrimidine (IV . 21b) (8 g) in 95 % 
ethanol (120 ml) with 100 % hydrazine hydrate (12 ml) at 
room temperature for 10 min gave the triazolopyrimidin-
ylhydrazine (68 %) , m. p . 210-212° (from ethanol) (Found : 
C , 47 . 3 ; H, 5 . 6 ; N , 47 . l. c7H10N6 require s 
C , 47 . 2 ; H, 5 . 7 ; N, 47 . 2%) . N. m. r . 2 . 37 , d , 
J 7-Me , H8 1 , 7 - Me ; 2 . 40 , s , 2 - Me ; 4 . 57 , br , NH2 ; 
6 . 72 , s , br , H8 . 
5 - Methy l -bis-s - triazolo[4 , 3- a : l ' , 5 ' - a ]pyrimidine 
( IV.3a ) 
(A) A mixture of 7-methyl - s - triazolo[l , 5- c ] -
pyr i midin- 5-ylhydrazin e ( IV.22a ) (1 g) and tr i ethyl 
orthoformate ( 30 ml) was heated under reflux for 15 min . 
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The solid was recrystallized from dirnethyl f orrnarnide to 
give the rnethylbistriazolopyrirnidine (85 %),rn.p. 295-297° 
(Found : C , 48 . 5 ; H, 3. 8 ; N, 48. 6 . C7H6N6 requires 
C , 4 8 . 3 ; H, 3. 5; N , 48.3 ~0 . N. m. r . [(CD 3 ) 2SO] 
2.70 , d , J 5-Me , H6 1, Me; 7 . 32, s , br, H6 ; 8 . 62, s, HS; 
9.38, s , H3. 
7.83, s, br, H6 ; 9 . 07 , s , HS ; 9.80, s , H3. [This 
compound was previously reported as the [4,3-a : 4' ,3'-c] 
isomer (IV . le): La Nace and Giuliani (1975)] . 
(B) A solution of 7-methyl- s -triazolo[l,5-c ]-
pyrimidin-5-ylhydrazine (IV.22a) (1 g) in 100% formic 
acid (15 ml) was boiled under reflux for 9 h. Concen-
tration of the solution to dryness in a vacuum and 
treatment o f the r e sidue wi th ethanol g ave the same 
product (IV.3a) (80 %). 
3 , 5-Dimethyl- bis- s -triazolo[4,3-a : l' , 5' - c ] 
p y rimidine (IV.3b) 
Heating of 7-methyl- s -triazolo[l,5-c ]pyrimidin-
5-ylhydraz ine (IV . 22a) (2 g) with triethyl orthoacetate 
(60 ml) under reflux for 2 h gave the 3 , 5-dimethyl 
compound (65 %), m. p . 294-296° (from ethanol-dime thyl-
formamide) (Found: C , 51.0 ; H, 4 . 4; N, 44.9 . 
C 8 H 8 N 6 requires C , 5 1. l ; H , 4 . 3 ; N , 4 4 . 7 % ) . N . m . r . 
[(co3 ) 2so] 2 . 83 , d, J 5_Me , HG 1, 5-Me ; 2.85 , s, 3-Me; 
7 . 20 , s , br , H6 ; 8 . 57 , s, HS . 
J 1 , 5-Me; 3 . 37 , s , 3-Me ; 7 . 78 , s , br, H6; 5-Me , H6 
8 . 98 , s , HS . 
5 ,0-Dimcthyl-bi s- 11 -triazolo[4 , 3-a : l ' ,5 '-o J-
pyrimidine (IV . Jc) 
lJJ. 
A mixture of 2 , 7-dimethyl-s-triazolo[l,5-c]-
pyrimidin-5-ylhydrazine (IV.22b) (1.5 g) and triethyl 
orthoformate (30 ml) was heated under reflux for 15 min . 
The solid was filtered off and concentration of the 
filtrate in a vacuum gave a second crop . The total 
yield of the 5,8-dimethyl compound was 92 %, with m.p . 
328-331° (dee.) (from ethanol) (Found : C, 51.4; H, 4 . 2; 
N, 44.6. c8H8N6 requires C , 51.1; H, 4 . 3; N,44. 7%). 
N. m. r . [(CO) 3so] 2 . 47 , s , 8-Me ; 2.68, d , J 5 _Me,H 6 1, 
5-Me; 7.17, s, br , H6; 9 . 30 , s , H3. [CF3CO2H] 2 . 87 , 
s, 8-Me; 3.08, s , br , 5-Me; 7 . 73 , s, br, H6; 9.70, s, H3 . 
3 , 5 , 8-Trimethyl - bis-s-triazolo[4 , 3-a :l' , 5'-c]-
pyrimidine (IV . 3d) 
A mixture of 2 , 7-dimethyl-s - triazolo[l , 5-c ]-
pyrimidin-5-ylhydrazine (IV . 22b) (1 g) and trimethyl 
orthoacetate (20 ml) was heated under reflux for 1 h . 
The solid was filtered off and concentration of the 
filtrate in a vacuum gave the second crop . The 
trimethyl derivative (75 %) had m. p . 264-267° (from 
ethanol) (Found: C , 53 . 7; H, 5.2; N, 41.2. c 9H10N6 
requires C, 53 . 5 ; H, 5.0; N, 41.6 %) . N.m . r . 
[( co3 ) 2SO] 2 . 47 , s , 8-Me; 2 . 82, d , J 5 _Me,H 6 1, 5- Me; 
2 . 83 , s , 3-Me; 7 .07, s , br , H6. [CF3CO2Hl : 2 . 87 , s , 
8-Me; 3.18 , s , br, 5-Me; 3 . 33 , s , 3-Me; 7 . 70 , s, br, H6 . 
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7-Methyl~s-triazol o[l , 5- c ]pyrimidine- 5(6H )-thione 
(IV. 2 3 ) 
(A) A solution of 4-hydrazino-6-methylpyrimidine-
2(3!-l)-thione (IV.14) (3 g) in 100 % formic acid (30 ml) was 
boiled under reflux for 3 h . Concentration of the 
solution in a vacuum and recrystallization of the 
residue from cellosolve gave the required thione (58 %), 
0 
m. p . 3 0 7 - 3 0 9 (dee. ) (Found: C , 4 3 . 7 ; H, 3 . 8 ; N, 3 3 . 9 ; 
S, 19.l. 
s, 19.3 %). 
C6H6N4S requires C , 43 . 4; H, 3.6; N, 33.7; 
N.m . r. 2.40, d, J ?-Me,HB 0 . 8, Me; 
7.10, s , br, H8; 8 . 57, s, H2 . [This compound was 
previously reported as its (4,3-a ] isomer (IV.l0a) by 
Camerino, Palamidessi, and Sciaky (1960)) . 
(B) A mixture of the same pyrimidine (IV . 14) (2 g) 
and triethyl orthoformate (50 ml) was heated with 
stirring in an open flask at 105° for 6 h. The solid 
was recrystallized from cellosolve to give the same 
product (IV . 23) (80 %). 
(C) A suspension of 5-chloro-7-methyl- s - triazolo-
[l,5- c ]pyrimidine (IV.2la) (1 g) and thiourea (0 . 6 g) 
in ethanol was heated under reflux for 10 h. The solid 
was recrystallized from cellosolve to give the same 
compound (IV. 2 3) ( 7 0 % ) . 
7-Methyl-5-methylthio-s-triazolo[l,5- c ]py rimidine 
(IV. 24) 
Shaking of 7-methyl-s-triazolo[l , 5-c ]pyrimidine-
5 (6 !-1 )-thione (IV. 23) (2 g) and methyl iodide (6 g) in 
N-sodium hydroxide (12 ml) at room temperature for 3 h 
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gave the product (83 %), m.p. 124-126° (from 10 % aqueous 
ethanol) (Found: C, 46. 8; H, 4. 5; N, 30. 9; s, 17. 7. 
C7H8N4S requires C, 46.7; H, 4.5; N, 31.l; 
S , l 7 . 8 % ) . N . m. r . 2 . 5 0 , d , J 7 -Me , H 5 0 . 8 , 7 -Me ; 
2.68, s, SMe; 7.47, s, br, H8 ; 8 .57, s, H2. 
VI-6 Preparative Details for Bis-s-triazolo-
1!...2_-a :4' ,3'- a]pyr imidines [of . Chapter IV-5) 
2 ,9-Dimethylbis-s - triazolo[l , 5 - a : 4 ' ,3'- a ]pyrimidine 
(IV.2a) 
3,9-Dime thylbis- s -triazolo[4,3-a : 4 ' ,3'- a] pyrimidine 
(IV.lb) (1 g) was fused at 310-315° for a . 20 min in a 
sublimation apparatus with cold finger. The sublimed 
[1,5-a :4' ,3'- a ] isomer (25 %) had m. p . 204-206° (Found: 
C, 51.2; H, 4.3; N, 44 .5. c 8H8N6 requires C, 51.l; 
H, 4.3; N, 44 .7 %). N. m.r . [(CD 3 ) 2so] 2.45, s, 2-Me; 
2.90, s, 9-Me; 7.33, d, J 5 16 8, H6; 8.43, d, J 516 
8, HS. 
[CF 3co2HJ 2 .75, s, 2-Me ; 3.35, s, 9 -Me ; 7.67, d, 
J 5 16 8, H6 ; 9.02, d, J 516 8, HS. 
2 , 5 , 9-Trimethylbis - s - triazolo[l , 5-a : 4 ' , 3 '- a ]-
pyrimidine (IV.2b) 
3,5,9-Trimethylbis-s -triazolo[4,3-a :4' ,3'- a ]-
pyrimidine (IV.ld) (1 g) was f used at 310-315° for 25 min. 
as above to give the [1,5-a :4' , 3 '- a ] isome r (10 %), m.p. 
214-216° (Found: C, 53.6; H, 5.0; N, 41.4. C9H10 N6 
requires C, 53.5; H, 5 .0; N, 41.6 %). N.m.r. 
[CF 3co2H] 2 .73, s, 2-Me; 2.97, s, br, 5-Me; 3.22, s, 
9-Me ; 7. 38 , s, br, H6. 
VI-7 Preparative Details of Attempts to Bicyclize 
4 , 6-Dihydrazinopyrimidine [c f . Chapter IV-6) 
4 , 6 - Bis(2 '- formylhydrazino)pyrimidine (IV . 27) 
lJG. 
A solution of 4 , 6-dihydrazinopyrimidine (Guither, 
Clark, and Castle, 1965) (IV.26) (2 g) in 100% formic 
acid (40 ml) was boiled under reflux for 3 h . Concen-
tration of the solution in a vacuum and treatment of the 
residue with ethanol gave the bisformylhydrazinopyrimidine 
(95 %), m. p . 285-287° (from water) (Found : C , 36 . 7; 
H, 4.4; N, 42 . 8. 
N, 42.8 %), M+ 140. 
c6H8N6o2 requires C, 36.7; H, 4 . 1; 
N • m. r . [ ( CD 3 ) 2 SO] 5 . 8 3 , s , H 5 ; 
8 . 2 0 , s , CHO ; 8 . 3 3 , s , H 2 ; 10 . 5 0 , b r , NH . 
6 . 37, s , HS; 8.48, s, CHO ; 8.62 , s , H2. 
4,6-Bis(triacetylhydrazino)pyrimidine (IV .2 8) 
A solution of 4,6-dihydrazinopyrimidine (IV . 26) 
(1 g) in acetic anhydride (40 ml) was boiled under reflux 
for 11 h. Concentration of the solution in a vacuum and 
recrystallization of the residue from ethanol gave the 
bistriacetylhydrazinopyrimidine (75 %) , m.p . 155-158° 
(Found: C , 49 . 0; H, 5 . 3; N, 21 . 6 . 
requires C , 49.0; H, 5 . 1; N , 21.4 %), M+ 392. N. m. r . 
[(CD 3 ) 2SO] 2 . 28 , s , Me ; 2 . 37, s, Me; 8 . 77 , s, br, HS; 
8 . 85 , d , J 2 15 1 , H2 . 
Bis-(s-triazol-3 - yl) methane (IV . 2 9 ) 
(A) A solution of 4 , 6-dihydrazinopyrimidine (IV . 26) 
( 2 g) in a mixture of 100 % formic acid (40 ml) and 
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concentrated hydrochloric acid (15 ml) was boiled for 
24 h . Concentration of the solution to dryness in a 
vacuum and extraction of the residue with hot ethanol 
gave the bistriazolylmethane (38 %) , m. p. 207-208° 
(from ethanol) (Found : C, 32 . 5; H , 3 . 8; N, 45.1 . 
c5H6N6 . HC1 requires C, 32.2; H, 3 . 8 ; N, 45 . 0%), 
M+ 150. N . m. r. 
triazole; 9 . 97 , s, br , NH . 
(B) A mixture of 4,6-dihydrazinopyrimidine (IV . 26) 
(2 g) , triethyl orthoformate (40 ml) , and dimethyl-
formamide (20 ml) was heated under reflux for 4 h. 
Concentration of the mixture in a vacuum, acidification 
of the residue with hydrochloric acid, concentration and 
treatm nt of the residual s o lution with ethanol- diethyl 
ether gave the same compound (IV.29) (35 %). 
N-Ethoxymethylene- N' :J_s -triazolo[4,3-c )pyrimidin-
7-yl)hydrazine (IV . 30) 
A mixture of 4 , 6-dihydrazinopyrimidine (IV . 26) 
(2 g) and triethyl orthoformate (60 ml) was heated under 
reflux for 8 h. The solid was filtered off and 
concentration of the filtrate in a vacuum gave a second 
crop . The total yield of the ethoxymethylene compound 
was 68 %, with m. p. 173-175° (dee.) (from triethyl ortho-
formate) (Found: C , 46.8; H, 5.0 ; N, 40 . 4. c 8H10 N6o 
requires C , 46 . 6; H, 4 . 9; N, 40 . 8%). N. m.r. 
l . 2 8 , t , J 7 , Me ; 4 . 2 0 , q , J 7 , CH 2 ; 6 . 6 5 , d , J S , 8 l , H 8 ; 
7.05 , s, CH ; 9 .0 7 , s , H3 ; 9 . 18, d, J
5 18 
1 , HS. 
Vl -0 Du t a l lo of Procuuuru u d llu Pruut1r<1 Llu11 u.r 
Phleomycin Amplifiers [c f . Chapter V] 
U8. 
s - Triazolo[4,3- a ]pyrimidine-3(2 H)-thione (V.2) 
Pyrimidin-2-ylhydrazine (Sirakawa , Ban, and Yoneda, 
1953) (4 g) and carbon disulphide (6 ml) were added to a 
solution of sodium hydroxide (1.5 g) in ethanol (32 ml) 
and water (8 ml) . After heating under reflux on the steam 
bath for 2 h, chilling gave sodium 2-(pyrimidin-2 '-yl) -
hydrazinodithioformate (V . la) (72 %), m. p. 230° (dee . ) (from 
methanol-ether) (Found : C, 24 . 2; H, 3 . 8; N, 22 . 7. 
C5H5N4NaS 2 .2H 20 requires C, 24.6; H, 3 . 7; N, 22.9 %). 
N. m. r. 6.77, t, J 5 , HS'; 8 . 35 , d, J 5, H4 ', 6 '; 8 . 73, 
br , s , NH ; 9 . 63 , br , s , NH . 
The above sodium salt (3 g) and ethanol (180 ml) 
were heated under reflux on the steam bath for l h . 
Concentration and refrigeration gave the sodium salt 
of the thione (V . 2) (68%), m. p . 322-324° (dee . ) (from 
ethanol) (Found: C , 28 . 7; H, 3 . 3; N, 26.8; S, 15 . 5 . 
C5H3N4NaS.2H 20 r e quires C, 28 . 6; H, 3 . 4; N, 26 . 7; 
S , 15 . 3%). N. m. r. 6.78, q , J 7, J 4 , H6; 8.40 , m, HS, 7 . 
An aqueous solution of this salt was acidified with 
acetic acid. The resulting thione (V.la) (90) had 
m. p . 234° (dee.) (Sirakawa, Ban , Yone da, 1953; 242°) . 
N. m.r. 7.10, q , J 7, J 4 , H6 ; 8.70 , m, HS , 7 . 
3-Methylthio-s -triazolo[4 , 3- a ]pyrimidine (V . 4a) 
and analogue s 
The sodium salt of thione (V . 2) (2 g), methyl 
iodide (8 g) , and methanol (30 ml) were shaken for l h 
at 25-28°. The residue from evaporation recrystallized 
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from ethanol to give the rne thylthiotriazolopyrirnidine 
( 78 %), rn . p . 156-158° (Found: C , 43 . 5 ; H, 3 . 5 ; 
N, 33. 5 ; s ' 19 . 5 . c6H6N4S requi re s C , 43 . 4 ; 
H, 3 . 6; N, 33 . 7 ; s , 19 . 3%). N. m. r . 2 . 6 3 , s' Me ; 
7 .1 8 , q , J 7 , J 4 , H6 ; 8 . 83 , m, HS , 7 . 
Similar alky l ations using 2 - chloroacetamide or 
2 - bromopropionamide gave 2- ( s - triazolo[4 , 3-a ]pyrirnidin-
o 3'-y l thio)acetamide (V . 4b) , m. p . 2 09-2 11 (from aqueous 
ethanol) (Found : C , 40 . 3 ; H, 3 . 4 ; N, 33 . 6 ; S , 15 . 3 . 
c7H7N5OS requires C , 40 . 2 ; H, 3 . 4; N, 33 . S; 
s, 15.3%) (N . m. r . 3.73 , s , CH 2 , 7 .2 0 , _q , J 7 , J 4 , 
H 6 ' ; 7 . 5 3 , b r , s , NH 2 ; 8 . 7 7 , q , J 4 , J 2 , H 7 ' ; 8 . 9 0 , q , 
J 7, J 2 , HS ' ) and 2- (s - triazo l o[4 , 3- a ]pyrimidin- 3-
ylthio)propionamide (V . 4c) (95 %) , m. p . 196 - 198° (from 
ethanol) (Found: C , 42 . 8 ; H, 4.3; N, 31.1 ; S, 14 . 1. 
c 8H9N5Os requires C , 43 . 1 ; H, 4 . 1 ; N, 31.4 ; S , 14 . 3%) 
(N . m. r . 1 . 40 , d , J 7 , Me; 3 . 97 , q , J 7 , S - CH ; 7 . 23, q , 
J 7 , J 4 , H6 '; 7 . 53 , br , s, NH2 ; 8 . 85 , m, J 5 ', 7 • ) , 
respectively. 
s -Triazolo[l , 5 - a ]pyrimidine- 2( 1H) - thione (V . 3) 
The sodium salt of the triazolo[4 , 3-a]pyrimidine -
thione (V . 2) (1 g) and water (40 ml) were boiled under 
reflux for 2 h . The residu e from evaporation 
recrystalliz e d from ethanol to give t h e sodium salt of 
thione (V . 3) (8 0%) , m. p . 307-310° (dee . ) (Found : C , 28 . 2 ; 
H, 3.5 ; N, 26 . 8 ; S , 15 . 3. 
C , 28 . 6 ; H, 3 . 4 ; N, 26 . 7 ; S , 15 . 3%) . N. m. r . 6 . 85 , 
q , J 7 , J 4 , H6 ; 8 . 35 , q , J 4 , J 2 , HS ; 8 . 77 , q , J 7 , 
J 2 , H7 . 
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On acidification of an aqueous solution , this 
s a lt gave the free thione (V.3) (80 %) , m.p . 236° (dee . ) 
(Sirakawa , Ban, and Yoneds , 1953; 245°) . N. m.r . 
7 . 43 , q , J 7 , J 4, H6 ; 8 . 77 , q , J 4 , J 2 , HS ; 9.17 , 
q , J 7, J 2 , H7 . 
2-Methylthio- s - triazolo[l , 5-a]pyrimidine (V . Sa) 
The sodium s alt of the thione (V . 3) (3 g) , ethanol 
( 40 ml) , and methyl iodide (8 g) were heated under 
reflux on the steam bath for 1 h . Concentration in a 
vacuum and subsequent chilling gave the methylthio-
triazolo[l , 5-a ]pyrimidine (76 %) , m. p . 147 - 149° (from 
ethanol) (Found: C, 43 . 6 ; H, 3 . 9 ; N , 33 . 8; S , 19 . 3 . 
c 6H6N4S requir e s C, 43 . 4; 11 , 3 . 6 ; N, 33.7; 
S , 19 . 3%) . N. m. r . 2 . 67 , s , Me; 7 . 30 , q, J 7, J 4, H6; 
8 . 82, q, J 4 , J 2 , HS; 9 . 28 , q , J 7 , J 2 , H7 . 
2-(s-Triazolo[l , 5-a]pyrimidin-2 ' -ylthio)acetamide 
(V . Sb) 
(A) The triazolo[4 , 3- a ]pyrimidinylthioacetamide 
(V. 4b) (2 g) was heated under reflux in glacial acetic 
acid (40 ml) for 5 h . Evaporation and recrystalliz-
ation of the residue from ethanol gave the triazolo-
[1 , 5-a ] pyrimidinylthioacetamide (60 %), m. p . 197-199° 
(Found : C, 40 . 3 ; H, 3 . 6 ; N, 33 . 5 ; S , 15 . 3 . 
C7H7N5OS r equires C , 40 . 2 ; H, 3.4; N, 33 . 5; s, 15 . 3%). 
N . m . r . 4 . O 2 , s , CH 2 ; 7 . 3 0 , q , J 7 , J 4 , H 6 ' ; 7 . 6 5 , b r , s , 
NH 2 ; 8 . 8 2 , q , J 4 , J 2 , H 5 ' ; 9 . 2 7 , q , J 7 , J 2 , H 7 ' . 
141. 
{B) Sodium 2-(pyrimidin-2'-yl)hydrazinodithio-
formate (V.la: see above) (6 g), 2-chloroacetamide 
(5.4 g), and ethanol (100 ml) were heated under reflux 
on the steam bath for 4 h. Refrigeration gave 
carbamoylmethyl[l(or 2)-carbamoylmethyl-2-(pyrimidin-
2'-yl)hydrazino]dithioformate (V.lb) (47 %), m.p. 194-195° 
(dee.) (from ethanol) (Found: C, 33.9; H, 4.5; N, 26.3. 
C9H12N6o2s2 .H 20 requires C, 33.9; H, 4 . 4; N, 26.4 %). 
N.m.r. 3 .60, s, N-CH 2 ; 3 . 75, s, S-CH 2 ; 6.87, t, J 5, HS'; 
8.43, d, J 5, H4 ', 6'. This compound (1.5 g) was 
boiled under reflux in dimethylformamide (40 ml) for 19h. 
Evaporation and recrystallization of the residue from 
ethanol gave the same product (51 %) as in (A). 
2-(s -Triazolo[l ,5- a ]pyrimidin-2'-ylthio)propion-
amide (V. Sc) 
The sodium salt of thione (V . 2) (2 g), 2-bromo-
propionamide (1 . 8 g) , and 95 % ethanol (50 ml) were 
heated under reflux for 2 h. Concentration gave the 
triazolo[l,5- a ]pyrimidinylthiopropionamide (79 %), m. p . 
147-149° (from ethanol) (Found: C, 4 3. 0; H, 4 . l; 
N, 31. 6; s, 14.4. c 8H9N5os requires C, 43.l; 
H, 4 .1; N, 31. 4; s, 14.3 %) . N.m.r. 1.58, d, J 7, 
Me; 4.57, q, J 7, S-CH ; 7.32, q, J 7, J 4, H6 '; 7.72, 
br, s, NH 2 ; 8.82, q, J 4, J 2, HS'; 9.28, q, J 7, J 2, 
H7 ' . 
142. 
5,7-Dimthyl-s-triazolo[4,3-c]pyrimidine-
3(2H)-thione (V.7) 
2,6-Dimethylpyrimidin-4-ylhydrazine (Miller and 
Rose, 1963) (10 g) and carbon disulphide (16 ml) were 
added to a solution of sodium hydroxide (3.5 g) in 
methanol (180 ml) and water (10 ml) . After heating 
under reflux on the steam bath for 1 h, concentration 
to small volume under vacuum and dilution of the residue 
with diethyl ether gave sodium 2-(2' ,6'-dimethylpyrimidin 
-4'-yl)hydrazinodithioformate (V.6) (68 %), m.p. >210 (dee.) 
(from methanol-ether) (Found: C, 33.4; H, 4.4; N , 22.0; 
s, 25.4. 
N, 22.0; S, 25.2 %). N. m.r. 2.18, s, Me6'; 2.30, s, 
Me2'; 6.17, s, HS '; 8.57, br, s, NH2; 9.73, br, NHL 
The above sodium salt (5 g) and ethanol (100 ml) 
were heated under reflux on the steam bath for 1 h. 
Concentration under vacuum and dilution of the residue 
with diethyl ether gave the sodium salt of the thione 
(V.7) (82 %), m.p. >310° (dee.) (from ethanol) (Found: 
C, 41.7; H, 3 . 8; N, 27. 7; S, 15.6. c7H7 N4NaS 
requires C, 41. 6; H, 3. 5; N, 27.7; s, 15.9 %). 
N.m.r. 2. 2 2, s, Me7; 3. 30, s' MeS; 6. 93, s' HS. 
2,6-Dimethylpyrimidin-4-ylhydrazine (5 g) and 
carbon disulphide (8 ml) were added to a solution of 
sodium hydroxide (1.5 g) in ethanol (80 ml) and water 
( 10 ml) . After heating under reflux on the steam bath 
for 2.5 h, chilling 9ave the sodium salt of the thione 
(V.7)(87 %). 
14 J . 
An aqueous solutio n of this salt was a cidified 
with acetic acid with ice cooling . The resulting 
thione (V. 7) (92 %) had m.p . 242-244° (Found : C , 46.8; 
H, 4 .8; N, 31 . 3; S, 17 .7. 
C, 46.7; H, 4 . 5; N, 31.1; S, 17 . 8%). N.m . r . 
2 . 28, s, Me7; 3.18, s , Me5; 7 . 17, s , H8; 14.40, br, 
s, SH. 
5 , 7-Dimethyl-3-methylthio-s -triazolo[4,3-c ]-
pyrimidine (V.9a) and analogues 
The sodium salt of thione (V.7) (2 g), methyl 
iodide (6 g) and methanol (30 ml) were shaken for 1 h 
at 20°. The residue from evaporation to small v o lume 
under vacuum, recrystallized from ethanol to g ive 
5,7-dimethyl-3-methylthio-s -triazolo[4,3- c ]pyrimidine 
(73 %), m.p. 142-144° (Found: C, 49.7; H, 5 .1; N, 28.9; 
s, 16.4 . C8Hl0N4S requires C, 49 . 5; H, 5. 2; N, 28.8; 
s, 16.5 %). N.m . r. 2. 3 7, s, Me7; 2. 7 3, s, SMe; 2 . 9 7, s, 
Me5; 7 . 37 , s, H8. 
Similar alkylations with 2-chloroacetamide or 
2-bromopropionamide in ethanol and heating for 10-20 
minutes on the steam bath gave 2-(5 ' , 7 ' -dime thyl- s -
triazolo[4 , 3- c ]pyrimidin-3'-ylthio)acetamide (V . 9b) 
(77 %), m.p. 185° (from e thanol) (Found: C , 45 . 3 ; H, 4.7; 
N, 29 . 4; S , 13 . 3 . C9H11N5 OS requires C , 45.6; 
H, 4.7; N, 29.5; S, 13.5 %) (N.m.r. 2.38, s, Me7'; 
3 . 03 , s , Me5 '; 3.98, s, CH2; 7 . 23, br, s, NH2; 7.43, 
s , H8 '; 7.67, br, s , NH 2) and 2-(5 ' ,7'-dimethyl- s -
triazolo[4 , 3-c ]pyrimidin-3'-ylthio)propionamide (V . 9c) 
144. 
(75 %), m. p. 160-162° (fl.om ethanol) (Found : C , 47 . 5; 
H, 5.4; N, 27 .6; s, 12 . 6. c10 H13N5os requires 
C, 47.8; H, 5 . 2 ; N, 27 .9; s, 12.8 %) (N.m.r . 
1.63, d, J ?, Me2; 2 . 38 , s , Me7 '; 3 .0 2 , s, Me5 '; 
4 . 22 , q , J 7, SCH; 7 . 17, br , s , NH 2 ; 7 . 47 , s , H8 ' ; 
7.60, br, s, NH 2 ) respectively. 
5 ,7-Dimethyl-s-triazolo[l , 5-c]pyrimidine-
2(3H)-thione (V . 8) 
The sodium salt of the triazolo[4 , 3- c ]pyrimidine-
thione (V . 7) (1 g) and water (30 ml) were boiled under 
reflux for 3 h . The residue from evaporation 
recrystallized from ethanol to give the sodium salt of 
the thione (90 %), m. p. >295° (dee.) (Found: C, 41.8; 
H, 3. 9; N, 2 7. 8; S, 15 . 7 . c 7H7N 4NaS requires 
C , 41 . 6; H, 3.5 ; N, 27 . 7; S , 15.9 %) . N. m. r . 2.35, 
s, Me?; 2 . 67, s , Me5; 6.97, s , H8 . 
On acidification of an aqueous solution with 
acetic acid , this salt gave the free thione (69 %), 
m. p. 252-254° (from ethanol) (cf . Broadbent , Miller , and 
Rose , 1964) (Found: C , 46 . 9; H, 4 . 5; N, 31.1; S , 17 . 9 . 
Cale. for C7H8N4S : C , 46 . 7; H, 4 . 5 ; N, 31.1; 
S, 17.8 %). N.m . r . 2 . 50 , s , Me7 ; 2 . 75 , s, Me5; 
7.35, s , H8 . 
5 , 7-Dimethyl-2-methylthio- -triazolo[l,5-c ]-
pyrimidine (V.l0a) 
The sodium salt of the thione (V.7 or V. 8) (2 g), 
ethanol (30 ml) and methyl iodide (6 g) were heated 
145. 
under reflux on the stea m bath for 3 h. Concentration 
in a vacuum and subsequent chilling igave the . methylthio-
triazolo [l, 5-c] pyrimidine (68 %), m.p. 87-89° (from 
ethanol) (Found: c, 49.5; H, 5 . 2; N, 29.l; S, 16.3. 
C8H10N4S requires C, 49.5; H, 5.2; N, 28 . 8; 
s, 16.5 %). N.m .r. 2.47, s, Me7; 2 . 65, s, SMe; 
2.78, s, MeS; 7.45, s, H8. 
2-(5' ,7'-Dimethyl-s -triazolo[l,5-c ]pyrimidin-
2'-ylthio)acetamide (V.lOb) 
(A) The sodium salt of the thione (V.7 or V . 8) 
(2 g) and 2-chloroacetamide (0.9 g) in ethanol (SO ml) 
were boiled under reflux for 2 h. Concentration gave 
the triazolo[l,5- c ]pyrimidinylthioacetamide (81 %), m.p. 
198-200° (from ethanol) (Found: C, 45. 4; H, 4. 4; 
N, 2 9. 5; S, 13.3. c9H11N5os requires C, 45.6; 
H, 4. 7; N, 29. 5; s, 13.5 %). N.m.r. 2.50, s, Me7'; 
2.82, s, Me5'; 4.03, s, CH 2 ; 7.27, br, s, NH 2 ; 7.50, 
s, H8; 7.70, br, s, NH 2 . 
(B) The triazolo[4,3- c ]pyrimidinylthioacetamide 
(V.9b) (2 g) was heated under reflux in glacial acetic 
acid (40 ml) for 10 min or 95 % ethanol (40 ml) for 2 h . 
Evaporation and recrystallization of the residue from 
ethanol gave the same product (77 %) as in (A) . 
2-(5' ,7'-Dimethyl-s-triazolo[l ,5- c ]pyrimidin-
2 '-ylthio)propionamide (V.lOc) 
(A) The sodium salt of the thione (V.7 or V.8) 
(3 g ) and 2-bromopropionamide (2.25 g) in ethanol (90 ml) 
146. 
were boiled under reflux for 1 h . Concentration gave 
the triazolo[l , 5- c)pyrimidinylpropionamide (75 %) , m. p . 
1 82 - 184 ° ( from ethanol) (Found: C , 4 7 . 9 ; H, 5 . 4; 
N, 27 . 9 ; S , 12 . 5. 
H, 5 . 2; N, 27 . 9; S , 12 . 8%). N. m. r . 1 . 60 , d, J 7, 
Me2; 2 . 47 , s, Me7 ' ; 2.80 , s , Me5 '; 4 . 52 , q , J 7, SCH; 
7 . 17 , br, s , NH 2 ; 7.43 , s , H8 '; 7.67 , br , s, NH 2
. 
(B) The triazolo[4 , 3- c)pyrimidinylthiopropionamide 
(V . 9c) (2 g) was heated under reflux i n glacial acetic 
acid (40 ml) for 10 min or 95 % ethanol (40 ml) for 1 h. 
Evaporation and recrystallization of the residue from 
ethanol gave the same product (68 %) as in (A) . 
Method of Evaluating Biological Activity 
The following summary is given by Angyal et ai . 
(1974) : - "The E.col i B was grown overnight to stationary 
phase in a glucose+ salts medium (GT) (Grigg , 1969) . 
Washe d bacteria at a concentration of 10 8/ml were 
suspended in fresh GT containing phleomycin (1 to 2 
µg/ml ; dissolved immediately before the experiment) 
and incubated at 37°c for 30 min . The bacteria 
were membrane - filtered (0 . 45 µm pore size) and 
r e suspended in GT containing the compound under 
test (8 or 2 rnM , according to solubility). Samples 
were removed at the outset and at intervals during 
120 min for estimation of the number of viable 
bacteria present (Grigg , 1970) using a commercial 
broth agar . Oxoid blood agar base , for counts . 
In each series of assays , 8rnM- caffeine was included 
as a standard (Grigg et ai . 1971) . 
147. 
The amplifying activity of each compound is 
expressed in Table V-1 as an adjusted activity 
relative to the mean activity of 8mM-caffeine set 
at 30, and hence independent of variations in 
conditions or in the amount or intrinsic activity 
of the phleomycin. Thus, 
where A is the measured activity of the compound, m 
Aad is the adjusted activity, N0 and N1 20 are the 
numbers of viable bacteria initially and after 
120 min, respectively and A f is the measured 
c a 
activity of 8mM-caffeine. Since the dose response 
curve is not linear over the range 2 to 8mM for many 
compounds, activities for compound measured at 2mM 
concentration (for solubility reasons) are not 
strictly comparable with those at 8mM." 
All testing was done by Dr G.W. Grigg and his 
colleagues at the Molecular and Cellular Biology Unit, 
of CSIRO, North Ryde, New South Wales. 
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CHAPTER VIII INDEX TO COMPOUNDS* 
N-Benzylide ne- N'-(pyrirnidin-2-y l)hydrazine 91 
2, 4- Bis-( 2 '- formyZhydrazino) - 6- methyZpyrimidine 121 
4, 6- Bis(formyZhydrazino)pyrimidine 136 
4, 6- Bis(triacetyZhydrazino)pyrimidine 136 
Bis -s- triazoZo [4, 3-a: 4 ', 3 '- c ]pyrimidine 118 
Bi s- ( s- triazoZ - 3- yZ)methane 136 
CarbamoyZmethyZ [l(or 2) - carbamoyZmethyZ -
2(pyrimidin- 2 '- yZ)hydrazino ]dithioformate 141 
N- CinnamyZidene -N'- (pyrimidin - 2- yZ)hydrazine 94 
N-p- ChZorobenzyZidene - N'- (pyrimidin - 2- yZ)hydrazine 91 
2- ChZoro - 4, 6- diethyZpyrimidine 99 
5- ChZoro - 2, 7- dimethyZ -s- triazoZo [l , 5-c] pyrimidine 130 
5- ChZoro - 3, 7- dimethyZ -s- triazoZo [4, 3-c ]pyrimidine 123 
2-Chloro-5-rnethylpyrirnidine 96 
2- ChZoro - 6- methyZpyrimidin- 4- yZhydrazine 122 
5- ChZoro - 7- methyZ -s- triazoZo [l , 5-c] pyrimidine 129 
5- ChZoro - 7- methyZ -s- triazoZo [4, 3-c] pyrimidine 122 
2-p- ChZorophenyZ -s- triazoZo [l , 5- a ]pyrimidine 92 
3-p- ChZorophenyZ -s- triazoZo [4, 3-a] pyrimidine 92 
5, 7- DiethyZ - 2- methyZ -s- triazoZo [l , 5-a] pyrimidine 102 
5, 7- DiethyZ - 3- methyZ-s- triazoZo [4, 3-a] pyrimidine 101 
4, 6- DiethyZpyrimidin - 2(1 H) - one hydrochloride 98 
4, 6- DiethyZpyrimidin- 2- yZhydrazine 99 
5, 7-DiethyZ -s- triazoZo [l , 5-a] pyrimidine 101 
5, 7- DiethyZ-s- triazoZo [4, 3-a] py r imidine 99 
* New compounds italicized. 
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2, 9- Dimethylbis -s- t r iazolo [l , 5-a: 4 ', 3 '-c] pyrimidine 135 
3,5- Di me t hylbis -s- t r iazolo [4, 3-a: 1 ', 5 '-c] py r imidine 132 
3,5-Dime t hylbis -s- triazolo [4, 3-a: 4 ', 3 '-c] py r i midine 125 
3, 9- Dimethylbis -s- t r iazolo [4, 3-a: 4 ', 3 '-c] py r imidine 119 
5, 8- Dimethylbis -s- t r iazolo [4, 3- a : 1 ', 5 '-c] pyrimidine 133 
5, ?- Dim e thyl - 2- met hylthio-s- tria3olo [l , 5-c] pyrimidine 144 
5, 7- Dimethyl - 3-methylth i o-s- t r ia z olo [4, 3-c] pyrimidine 143 
2,5-Dimethylpyrimidin- 4- ylhydrazine 105 
2,5-Dimethyl -s- tria z olo [l , 5-a] py r imidine 
2,5- Dimethyl -s- triazolo [l , 5-c] pyrimidine 
2, 6- Dimethyl -s- triazolo [l , 5-a] pyrimidine 
2,7-Dimethyl-s-triazolo[l,5-c ]pyrimidine 
2, 7- Dimethyl -s- triazolo [l , 5-c] pyrimidine 
2, 8- Dimethyl -s- triazolo [l , 5-c] pyrimidine 
3,5-Dimethyl -s- triazolo [4, 3-a] py r imidine 
3, 5- Dimethyl -s- t r iazolo [4, 3-c] pyrimidine 
3, 6- Dimethyl -s- t r ia z olo [4, 3-a] pyrimidine 
3, 7- Dimethyl -s- triazolo [4, 3-a] pyrimidine 
3, 7- Dimet hyl -s- t r iazolo [4, 3-c] py r imidine 
3, 8- Dimethyl -s- t r iazolo [4, 3-c] py r imidine 
5,7-Dimethyl-s-triazolo[l,5-a ]pyrimidine 
5,7-Dimethyl- s -triazolo[4, 3- a ]pyrimidine 
5, 7- Dimethyl -s- triazolo [l , 5-c] pyrimidine 
5, 7- Di methyl -s- t r iazolo [4, 3-c] pyrimidine 
5, 8- Dimethyl -s- triazolo [l , 5-c] pyrimidi ne 
5, 8- Dimethyl -s- tria z olo [4, 3-c] py r imidine 
7, 8- Dimethyl -s- t r iazolo [l , 5-c] pyrimidine 
7, 8- Dimethyl -s- triazolo [4, 3-c] pyrimidine 
100 
113 
100 
100 
113 
114 
97 
112 
98 
98 
113 
114 
100 
98 
112 
112 
112 
112 
113 
113 
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5 ,7-Dirnethyl-s -triazolo[l,5-c ]pyrimidine-2( 3H)-thione 144 
5, 7- Dimethyl -s- triazolo [4, 3-c] pyrimidine - 3(2 H)- thione 143 
2, 7-Dimethyl-s-triazolo[l , 5-c] pyrimidin - 5(6 H)- one 129 
2, 7-Dimethyl-s-triazolo[l , 5-c] pyrimidin- 5- ylhydrazine 131 
3, 7- Dimethyl -s- triazolo [4, 3-c] pyrimidin- 5- ylhydrazine 124 
2-( 5 ', 7 '- Dimethyl -s-triazolo [l, 5-c] py rimidin-2'-
yllhio)acetamide 145 
2- (5 ', ? '- Dimethyl -s- triazolo [4, 3-c] py rimidin- 3 '-
ylthio)acetamide 143 
2-(5', ? '- Dimethyl -s- triazolo [l, 5-c] pyrimidin - 2 '-
ylthio)propionamide 145 
2- (5 ', ? '- Dimethyl -s- triazolo [4, 3-c] pyrimidin- 3 '-
ylthio)propionamide 143 
N-( l - Ethoxyethylidene) -N'- (pyrimidin - 4- yl)hydrazine 110 
N- Ethoxymethylene- N' - (pyrimidin - 1- yl)hydrazine 108 
N- Ethoxymethylene -N ' - ( s- triazolo [4, 3-c] pyrimidin -
7- yl)hydrazine 137 
( E)-N- (l - Ethoxypropylidene) -N'- (pyrimidin -
4- yl)hydrazine 111 
( Z)-N- (l - Ethoxypropylidene) -N'- (pyrimidin -
4- yl)hydrazine 111 
2- Ethyl - 5, 7- dimethyl -s- triazolo [l , 5-a] pyrimidine 102 
3-E thyl - 5, 7- dimethyl -s- triazolo [4, 3-a] pyrimidine 101 
2- Ethyl - 7- methyl -s- triazolo [l , 5-c] pyrimidine 113 
3- Ethyl - 7- methyl -s- triazolo [4, 3-c] pyrimidine 113 
N- [ 2 '- (5"-Ethyl-s-triazol-3"-yl) ethylidene ] formamide 117 
2- Ethyl - 5, 7, 8- trimethyl -s- triazolo [l,5-c] pyrimidine 115 
3- Ethyl - 5, 7, 8- trimethyl -s- triazolo [4, 3-c] pyrimidine 115 
2- Ethyl -s- triazolo [l , 5-a] pyrimidine 91 
2-E thyl -s- triazolo [l , 5-c] pyrimidine 111 
3- Ethyl -s- triazolo [4, 3-a] pyrimidine 90 
J-Ethyl-s-triazolo[4 , 3-c] pyrimidine 110 
161 . 
4-Hydrazino-6-methylpyrimidine-2(3H)-thione 126 
2-Methoxy-s-triazolo[l,5-a]pyrimidine 94 
5-Methylbis-s-triazolo[4,3-a:1 ', 5 '-c] pyrimidine 131 
5- Methylbis -s- triazolo [4, 3-a: 4 ', 3 '-c] pyrimidine 120,124 
N'-(6-Methyl - 2- methylthiopyrimidin -
4- yl)formohydrazide 126 
6-Methyl-2-methylthiopyrimidin-4-ylhydrazine 126 
7-Methyl-5-methylthio -s- triazolo [l, 5-c] pyrimidine 134 
7-Methyl -5-methylthio -s- triazolo [4, 3-c] pyrimidine 127 
6-Methylpyrimidine-2,4(1H,3 H)-dithione 125 
5-Methylpyrimidin-2(1H)-one 96 
5-Methylpyrimidin-2-ylhydrazine 97 
2- Methylthio-s - triazolo [l, 5-a] pyrimidine 140 
3- Methylthio -s- triazolo [4, 3-a] pyrimidine 138 
2-Methyl- s -triazolo[l , 5- a ]pyrimidine 90 
2-Methyl -s- triazolo [l, 5-c] pyrimidine 110 
3- Methyl -s- triazolo [4, 3-a] pyrimidine 90 
3-Methyl-s-triazolo[4,3-c]pyrimidine 110 
5-Methyl- s -triazolo[l,~-a ]pyrimidine 95 
5-Methyl-s-triazolo[l,5-c]pyrimidine 109 
5-Methyl- s -triazolo[4,3-a ]pyrimidine 95 
5-Methyl-s-triazolo[4,3-c]pyrimidine 109 
6-Methyl-s-triazolo[l , 5-a]pyrimidine 97 
6-Methyl -s- triazolo [4, 3-a] pyrimidine 97 
7-Methyl- s -triazolo[l , 5-a]pyrimidine 95 
7-Methyl -s- triazolo [l, 5-c] pyrimidine 109 
7-Methyl- s -triazolo[4,3-a ]pyrimidine 95 
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7- Methyl -s- triazolo [4, J-c ]pyrimidine 109 
8-Methyl -s- triazolo [l , 5-c] py r im i dine 109 
8-Methyl -s- t r iazolo [4, 3-c] pyrimidine 109 
7-Methyl -s- triazolo [l, 5-c] pyrimidine - 5(6 H) - thione 134 
7- Methyl -s- triazolo [4, 3-c] pyrimidine - 5(6 H) - thione 123 
?- Mcthyl -s- triazolo [l , 5-c] pyrimidin - 5(6 H) - one 127 
7- Methyl -s- triazolo [l, 5-c] pyrimidin- 5- ylhydrazine 130 
?- Methyl -s- triazolo [4, 3-c] pyrimi din - 5- ylhydrazine 123,127 
N- [2 '- (5 "- Methyl -s-triazol - J "- yl)ethylidene ] 
acetamide 117 
N- [2 '- (5 11 - Methyl -s- t r iazol - J "- yl)ethylidene ] 
formamide 116 
N-p- Nitrobenzylidene -N'- (pyrimidin - 2- yl)hydrazine 93 
2-p- Nitrophenyl -s- triazolo [l , 5-a] pyrimidine 93 
J-p- Nitrophenyl -s- triazolo [4, J-a] pyrimidine 93 
2-Phenyl- s -triazolo[l,5-a ]pyrimidine 92 
3-Phenyl-s -triazolo[4,3-a ]pyrimidine 91 
Sodium 2-( 2 ', 6 '- dimethylpyrimidin - 4 '- yl)hydrazino -
dithioformate 142 
Sodium 5 , 7- dimethyl -s- triazolo [l , 5-c] pyrimidine -
2- thiolate 144 
Sodium 5 , ?- dimethyl -s- triazolo [4, 3-c] pyrimidine -
J- thiolate 142 
Sodium 2- (pyrimidin - 2 '- yl)hydrazinodithioformate 138 
Sodium s- triazolo [l , 5-a] pyrimidine - 2- thiolate 139 
Sodium s- triazolo [4, J-a] pyrimidine - J- thiolate 138 
2- Styryl -s- triazolo [l , 5-a] pyrimidine 94 
J- Styryl -s- triazolo [4, J-a] pyrimidine 94 
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2, 5 , ?, 8- Tetramethyl -s- triazolo [l, 5-c] pyrimidine 115 
3,5 , ?, 8- 2'etramethyl -s- triazolo [4, 3-c] pyrimidine 115 
s -Triazolo[l,5-a ]pyrirnidine 89 
s -Triazolo[l,5-c]pyrirnidine 108 
s -Triazolo[4,3-a ]pyrimidine 89 
s- Triazolo [4, 3-c] pyrimidine 108 
s -Triazolo[l,5-a ]pyrimidine-2(1H)-thione 140 
s -Triazolo[4,3-a ]pyrirnidine-3(2H)-thione 138 
2- ( s- Triazolo [l, 5-a] pyrimidin - 2 '- ylthio)acetamide 140 
2- ( s- Triazolo [4, 3-a] pyrimidin - 3- ylthio)acetamide 139 
2- ( s- Triazolo [l , 5-a] pyrimidin- 2 '- ylthio)propionamide 141 
2- ( s- Triazolo [4, 3-a] pyrimidin - 3- ylthio)propionamide 139 
N-[ 2 '- ( s- Triazol - 3 "- yl)ethylidene ]acetamide 116 
N-[ 2 '- ( s- Triazol - 3 "- yl)ethylidene ] formamide 116 
2, 5 , 9- Trimethylbis -s- triazolo [l, 5-a: 4 ', 3 '-c] 
pyrimidine 135 
3, 5 , 8- Trimethylbis -s- triazolo [4, 3-a: 1 ', 5 '-c] 
pyrimidine 133 
3, 5 , 9-Trimethylbis -s- triazolo [4, 3-a: 4 ', 3 '-c ] 
pyrimidine · 
2,5,7-Trimethyl-s-triazolo[l,5-a ]pyrimidine 
3,5,7-Trimethyl-s-triazolo[4,3-a ]pyrirnidine 
2 , 5 , ?-Trimethyl -s- triazolo [l , 5-c] pyrimidine 
2, 5 , 8- Trimethyl -s- triazolo [l , 5-c] pyrimidine 
2, ?, 8-Trimethyl-s- triazolo [l , 5-c] pyrimidine 
3, 5 , ?- Trimethyl -s- triazolo [4, 3-c] pyrimidine 
3, 5 , 8- Trimethyl -s- triazolo [4, 3- c] pyrimidine 
3, ?, 8- Trimethyl -s- triazolo [4, 3- c] pyrimidine 
5, ?, 8-Trimethyl- s- triazolo [l , 5-c] pyrimidine 
5,?,8-Trimethyl-s-triazolo[4,3-c]pyrimidine 
121,124 
102 
101 
114 
115 
115 
114 
114 
115 
114 
114 
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Dimroth Rearrangement. III* 
The Conversion of Simple 
s-Triazolo [ 4,3-a] pyrimidines 
into Their [1,5-a] Isomers 
Desmond J. Brown and Tomohisa Nagamatsu 
John Curtin School of Medical Research, 
P.O. Box 334, Canberra City, A.C.T. 2601. 
Abstract 
Aust. J. Chem., 1977, 30, 2515- 25 
The treatment of 2-hydrazinopyrimidines (I) with acylating agents under appropriate conditions is 
used to prepare s-triazolo[4,3-a]pyrimidine (6a) and its derivatives bearing alkyl or aryl groups at 
the 3-, 5-, 6-, or 7-position. These compounds rearrange in acid or alkali to give the corresponding 
s- triazolo[l ,5-a]pyrimidines (7). Rates for such isomerizations in alkali increase steeply in the range 
pH 10- 12 · 5; in acid, they reach maxima at pH values corresponding approximately to the pK, of 
each substance (in the range pH 1 · 5- 2 · 5) and fall off on both sides. Rearrangement of the parent 
heterocycle (6a) is slowed significantly by each added 3-, 6-, and 7-alkyl group and slowed profoundly 
by a 5-alkyl group: for example, 3,5,7-trimethyltriazolo[4,3-a]pyrimidine rearranges 2500 times 
more slowly than the unsubstituted heterocycle at pH 11 · 3. The isomeric systems (6) and (7) are 
distinguished easily by their tabulated u.v. and n.m.r. spectra . 
Introduction 
The Dimroth-like rearrangement of s-triazolo(4,3-a)pyrimidines (6) in acid or 
alkali has been used fairly widely as a preparative route to the isomeric (1 ,5-a] series 
(7) . However, no study of the rearrangement as such has been reported, apart from 
some qualitative spectral observations1 and its inclusion in a thoughtful survey2 of 
such isomerization occurring in several 'polyazaindolizine' series. Accordingly, 
we have prepared the parent s-triazolopyrimidines (6a) and (7a) and a number of 
their C-alkylated or alkoxylated derivatives. The e have been used to assess the 
effects on rearrangement rate caused by variation in pH (or H0 ) of the reaction media 
or by substitution with 'non-functional ' groups at specific sites. 
Preparations 
The (4,3-a] parent heterocycle (6a) was prepared by treatment of 2-hydrazino-
pyrimidine (l; R1 = R 2 = R 3 = H) with triethyl orthoformate (2; R4 = H). 
Under conditions more vigorou than those of Sirakawa, 3 the yield was doubled to 
c. 77 % ; there was no sign of the isomer (7a) in the n.m.r. pectrum of the crude 
product. This ugge ted that the apparently similar preparation of Paudler and 
• Part IC, J. Chem. Soc. C, 1967, l 856. 
1 Beckett, A. H., Spickett, R . G. W., and Wright , S. H . B., Tetrahedron, 1968, 24, 2839. 
2 Guerret, P., Jacquier, R ., and Maury, G ., J. Heterocycl. Chem., 1971, 8, 643. 
3 Sirakawa, K ., Yakugalw Zasshi, 1959, 79, 903 . 
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Helmick,4 reported as giving a separable mixture of both isomers in un stated yields, 
might have employed ortho ester containing formic acid , thereby inducing the change 
(6a) --+ (7a). Although the n.m.r. spectra given for the isomers (6a) and (7a) by the 
above authors4 were correct , the melting points were reversed both in their Table 
and Experimental section ; unconventional numbering4 of the heterocycle (7a) 
compounded the confusion. We prepared the said heterocycle (7a) by boiling 
2-hydrazinopyrimidine with formic acid (3 ; R4 = H)3 and also by the rearra ngement 
of its isomer (6a) under acidic conditions ; known preparations from 3-amino-s-
triazole5 or the chloro derivative (7b)3 •6 gave poor yields. 
3-Methyl- and 3-ethyl-s-triazolo[4,3-a]pyrimidine, (6c) and (6d) , were made from 
2-hydrazinopyrimidine with triethyl orthoacetate (2 ; R4 = Me) and orthopropionate 
(2 ; R4 = Et) , respectively ; both products rearranged in acid to give 2-methyl-3 
and 2-ethyl-s-triazolo[l ,5-a]pyrimidine, (7c) and (7d), respectively. Similar treatment 
of 2-hydrazinopyrimidine with triethyl orthobenzoate (2 ; R4 = Ph) gave only the 
rearranged product (7e) : accordingly, the pyrimidine was conden ed with benzaldehyde 
(4 ; R4 = Ph) in the presence of diethyl azodicarboxylate as a dehydrogenating agent 
(cf. 7) to yield the unrearranged isomer (6e). Similar reactions with 4-chlorobenzalde-
hyde, 4-nitrobenzaldehyde, or cinnamaldehyde (4 ; R4 = p-C6 H4 Cl , p-C6 H 4N02 , or 
PhCH=C H) gave the p-chlorophenyl- , p-nitrophenyl- , and styryl-triazolo[4,3-a)-
pyrimidines (6f- h) which rearranged in acetic acid to give the isomers (7f- h) . Like 
the orthobenzoate above, tetramethyl orthocarbonate (5 ; R4 = OMe) condensed 
with 2-hydrazinopyrimidine to give, not the 3-methoxytriazolo[4,3-a)pyrimidine (6i) , 
but the rearranged 2-methoxytriazolo[ 1,5-a)pyrimidine (7i) ; this product was 
confirmed as a (1,5-a] rather than a [4,3-a) compound by having (i) pK. value <I , 
(ii) a single J max for n.m., (iii) well separated n.m.r. signals for H 5 and H 7 (c5 8 ·73 and 
9 · 20, respectively), and (iv) stability towards prolonged treatment wi th acid or a lkal i. 
When tetraisopropoxy orthocarbonate was allowed to react under similar conditions 
with 2-hydrazinopyrimidine, neither of the expected isomers (6j) and (7j) was formed . 
Sirakawa8 reported that heating the unsymmetrical 2-hydrazino-4-methylpyrimidine 
(l ; R1 = Me, R 2 = R 3 = H) with triethyl orthoformate (2; R4 = H) 'on the water 
bath' gave a separable mixture of 5- and 7-methyl-s-triazolo[4,3-a]pyrimidine (6k) and 
(61) . Repetition in our hands using a boiling water bath gave only the latter product 
(61) accompanied by its rearranged isomer (71) and a pyrimidine intermediate ; in 
contrast, the use of a bath maintained at 85° did give Sirakawa's result,8 albeit with 
much better yields from using a direct working-up procedure. Replacement of the 
ortho ester by formic acid gave both rearranged products (7k) an d (71) , previously 
made8 ·9 by unambiguous routes. 
2-Hydrazino-5-methylpyrimidine ( I ; R 1 = R 3 = H, R 2 = Me) was converted 
into the 6-methyltriazolopyrimidines (6m) and (7m) by treatment with triethyl 
orthoformate or formic acid, respectively. The pyrimidine intermediate was prepared 
by the conven ient sequence, thymine --+ 4-thiothymine --+ 5-methylpyrimidin-2-one 
• Paudler, W. W., and Helmick , L. S., J. Heterocycl. Cl,em. , 1966, 3, 269. 
• Allen, . F. H., Beilfuss, H. R., Burness, D. M., Reynolds, G . A., Tinker, J. F., and Van Allen , J. A., 
J. Org. Chem., I 959, 24, 796. 
6 Makisumi , Y., and Kano, H., Chem. Pl,ann . Bull., 1959, 7, 907. 
7 Sirakawa, K ., Yakugaku Zasshi, 1960, 80, 956. 
8 Sirakawa, K., Yakugaku Zasshi, 1959, 79, 1482. 
9 Kano, H., Makisumi , Y., Takahashi , S. , and Ogata, M., Chem. Pharm. Bull., 1959, 7, 903 . 
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(8; R 1 = R 3 = H , R 2 = Me) ---+ 2-chloro-5-methylpyrimidine (9; R 1 = R 3 = H , 
R 2 = Me) , fo llowed by hydrazinolysis . 
RI 
•')C R4C(OEth R4CO2H R4CHO + [O) (R4) 4c I N 
R3 ~ NHNH2 
(2) (3) (4) (5) 
(1) 
RI Rl 
R')CN R'X:N 16 8 16 4 
RJ 
5 
N~N R3 
7 
N~N )3 ~I I~ N--
R4 R4 
(6a-u) (7a -u) 
RI R2 RJ RI RI R2 RJ R4 
(a) H H H H {I) Me H H H 
(b} H H Cl H (m} H Me H H 
{c) H H H Me {n) H H Me Me 
(d) H H H Et (o) Me H H Me 
(e} H H H Ph (p) H Me H Me 
(f) H H H p-C6H 1CI (q) Me H Me H 
(g) H H H p-C6H,1 0 2 (r) Et H Et H 
(h) H H H CH = CHPh (s) Me H Me Me 
(i) H H H OMe (t) Me H Me Et 
(i) H H H OPr1 (u) Et H Et Me 
(k) H H Me H 
RI RI ~ RI R':CN R'X:N HOH~H ~ £ N RI RJ 
RJ I N~O R3 I NACI RJ ~ {I la) Me H I I H {lib) H Me 
H I (9) (10) Me (8) 
The di- and tri-alkyltriazolo[4,3-a]pyrimidines (6n- u) were prepared by broadly 
similar method from the appropriate 2-hydrazinopyrimidine (l: R 1 = R 2 = H , 
R 3 = Me ; R 1 = R3 = H , R2 = Me ; R1 = R2 = Me, R 3 = H ; or R1 = R 3 = Et, 
R 2 = H) a nd ortho ester (2 ; R4 = H , Me or Et); each was rearranged in acetic acid, 
if necessary with the additi on of hydrochloric acid, to give the corre ponding 
triazolo[ 1,5-a]pyrimidines (7n- u). The new intermedia te ( I ; R 1 = R 3 = Et, R 2 = H) 
2518 D. J. Brown and T. agamatsu 
was prepared from heptane-3,5-dione via the pyrimidinone (8; R 1 = R 3 = Et, 
R 2 = H) and chloropyrimidine (9; R 1 = R 3 = Et, R 2 = H). 
Rearrangement Rates 
Classical Dimroth rearrangement have usually occurred only in neutral molecules 
under alkaline conditions although some weakly basic substrates have undergone 
rearrangement only under acidic conditions. 10 In contrast, the system (6) underwent 
rearrangement in both alkaline and acidic media but not under neutral conditions. 
70 
~ 50 
C 
.i 
N 
'":::- 30 
10 
0 ·5 2·5 11·0 
Ho or pH 
12 ·0 
Fig. 1. Rates for the 
rearrangement (6a)--+ (7a) ( o ) 
and (6d) --+ (7d) ( • ) 
in acid at 50° (curves A and B) 
and in alkali at 22° (curves C and D). 
Thus the rearrangement rate for the parent heterocycle (6a) rose steeply in the range 
pH 10-12·5 (Fig. 1, curve C), but in the range pH 0-3, the rate was maximal c. 
pH l · 7 and fell off in both directions (curve A). The 3-ethyl derivative (6d) behaved 
similarly (curves Band D) . In each case, the maximal rate in acidic media occurred 
at a pH value approximating to the pK. value (Table I) of the respective substrate; 
the reason for this apparent correlation was not obvious. However, it could have 
resulted from two opposing influences, e.g. (i) hydrogen ion catalysis of the ring 
fission (6a) --+ (10), and (ii) progressive stabilization of the substrate (6a) as its cation. 
Substitution of the parent heterocycle (6a) by alkyl groups affected the rate of 
rearrangement profoundly, and in the same direction , whether in acidic or alkaline 
media (Table 1 ). However, the t 112 values at pH 11 · 35 were probably the more 
meaningful because those at pH 1 · 07 must have reflected, albeit mildly, the small but 
significant variation in pK. of the substrates. The following discussion has therefore 
been based on the rearrangement rates in alkaline media . 
The addition of a 3-methyl or 3-ethyl substituent to the parent heterocycle (6) 
produced a half-unit increase in pK. and an appreciab le decrease in the rate of 
rearrangement. Both effects are seen as resulting from electron-donation by the 
substituent to a n-electron deficient system. u In contrast, an electron-withdrawing 
3-phenyl group decreased the pK. and slightly increased the rate of rearrangement ; 
attempts to reinforce these effects by using a 3-p-nitrophenyl, 3-p-chlorophenyl , or 
3-styryl group, resulted in analogues (6f- h) too spa ringly soluble for measurements. 
The 3-alkoxytriazolopyrimidines (6i) and (6j) could not be prepared. The 6-methyl 
compound (6m) rearranged six times more slowly than the parent (6a). The 7-methyl 
isomer (61) behaved rather similarly but the 5-isomer (6k) rearranged much more 
slowly, by a factor of 65. This was probably due to steric hindrance by the 5-methyl 
10 Brown, D . J., in 'Mechanisms of Molecular Migrations' (Ed. B. S. Thyagarajan) Vol. J, p. 209 
(lnterscience : New York 1968); Wahren, M., Z. Chem., 1969, 9, 241. 
11 Brown, D. J., and Harper, J. S., J. Chem. Soc., 1963, 1276; 1965, 5542. 
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Cpd 
(6a) 
(7a) 
(6c) 
(7c) 
(6d) 
(7d) 
(6e) 
(7e) 
(6f) 
(7f) 
(6g) 
(7g) 
(6b) 
(7b) 
(7i) 
(6k) 
(7k) 
(61) 
(71) 
(6m) 
(7m) 
(6n) 
(7n) 
(60) 
(7o) 
(6p) 
(7p) 
(6q) 
(7q) 
(6r) 
(7r) 
(6s) 
(7s) 
(6t ) 
(7t) 
(6u) 
(7u) 
Table I. Ioniza tion constants, ultraviolet spectra and rearrangement rates 
Shoulders and inflexions in italics ; ). in nm; 1112 values in min 
pK (anal. .l) 
1 · 53 ± 0 ·02 (275) 
0 ·46 ± 0 ·02 (250) 
2 ·01 ± 0 ·04 (280) 
l · 18 ± 0 ·01 (250) 
2 ·07 ± 0 ·02 (280) 
I ·25 ± 0 ·03 (250) 
I ·33 ± 0 ·04 (240) 
0 · 11 ± 0 ·02 (240) 
_ D 
_ D 
_ D 
_ D 
_ D 
_ D 
- 0 · 32 ± 0 ·02 (250) 
I · 84 ± 0 ·04 (275) 
0 ·95 ± 0 ·0I (245) 
1 ·95 ± 0 ·03 (260) 
I ·00 ± 0 ·02 (250) 
I · 81 ± 0 ·04 (282) 
0 ·78 ± 0 ·04 (245) 
2·23 ± 0·0 I (288) 
l · 57 ± 0 ·03 (250) 
2·42 ± 0 ·02 (270) 
I ·67 ± 0 ·02 (250) 
2 · 35 ± 0·04 (287) 
1 · 5 1 ± 0 ·04 (250) 
2 ·28 ± 0 ·03 (275) 
c. I · 25 
2 · 39 ± 0 ·04 (270) 
I · 49 ± 0·04 (245) 
2 ·75 ± 0 ·03 (280) 
2 ·03 ± 0 ·04 (250) 
2·86 0 ·05 (280) 
2 · 10 ± 0 ·02 (250) 
2 ·85 ± 0·04 (280) 
2· 16 ± 0 ·05 (250) 
A t 112 at so· 
(loge) and 
[H0 , pH or solvent] pH I ·07 
293 (3 · 35), 266 (3 ·24), 256 (3 ·23), 249 (3·23) [5 ·0] ; 14 · 5A 
274 (3 · 56), 244 (3 · 32) [ - I · 0] 
272 (3 · 59) [4 ·0]; 274 (3·35), 259 (3 ·66), 242 (3 ·55) [-2·0] 
305 (3 · 30), 268 (3 · 14), 259 (3 · 19), 252 (3 · 18) [6 ·0] ; 29 ·0 
281 (3 ·49), 245 (3 ·22) [-0 · 6] 
276 (3 · 66) [5 ·0]; 277 (3 ·49), 262 (3 ·70), 245 (3 ·63) [-1 ·0] 
300 (3 ·23), 269 (3 · 16), 259 (3· 17), 252 (3· 15) [6 ·0]; 23·0 
277 (3 ·44), 244 (3 · 22) [ - 0 · 61 
277 (3 · 66) [5 · OJ ; 277 (3 · 50), 262 (3 · 70), 246 (3 · 64) [ - 1 · 6] 
3 10 (3 ·40), 275 (3 ·76), 239 (4 · 35) [5 ·0] ; 4 ·0 
298 (3 · 55), 236 (4 · 32) [ - I · OJ 
295 (4 ·02), 240 (4 ·44) [4 ·0] ; 290 (4· 14), 239 (4 ·23) [-2 · 61 
325 (3 · 19), 273 (3·94), 246 (4·33) [EtOHJ _o 
301 (4 · 12), 286 (3 ·98), 248 (4 · 50) [EtOHJ 
3 11 (-0 ), 260 (- 0 ) [EtOHJ _ o 
304 (-0 ), 279 (- 0 ) [EtOH] 
338 (4 · 20), 319 (4 ·43), 309 (4 ·44), 263 (4 · 10), 235 (4 • 13), _D 
227 (4 ·28), 222 (4 ·26) [EtOHJ 
333 (4 · 31), 318 (4 ·39), 272 (4 · 37), 230 (4· 10) , 223 (4 · 17) [EtOHJ 
289 (3·70), 261 (3· 43) [3 ·01 ; 277 (3 ·72), 250 (3·66) [-2·6] 
292 (3 · 49), 266 (3 · 35), 256 (3 · 33), 247 (3 · 28) [5 · OJ ; 2340 
296 (3·37), 278 (3 ·68) [-2 ·0] 
272 (3 · 67) [5 ·OJ ; 276 (3 · 54), 264 (3 · 73), 243 (3 · 56) [ - l · 6] 
286 (3·34), 265 (3 · 33), 256 (3 · 34), 247 (3 ·27) [6 ·0] ; 385 
270 (3 · 59), 258 (3 ·61), 247 (3 · 54) [ -0 ·6] 
270 (3 · 62) [4 ·0] ; 272 (3 ·45), 254 (3 · 7 I) , 238 (3 · 62) [ - I · 6] 
297 (3 · 38), 272 (3 · 31), 263 (3 · 29) [5 ·0] ; 170 
282 (3 · 56), 247 (3 · 33) [ -0 · 6] 
278 (3 · 58) [4 ·OJ; 283 (3 · 32), 268 (3 · 56), 245 (3 · 49) [- I · 6] 
305 (3 ·46), 270 (3 · 12), 259 (3 · 16), 252 (3 · 16) [6 ·0]; 650 
287 (3 · 65) [-0 ·03] 
275 (3 ·74) [5 ·0] ; 277 (3 · 58), 266 (3 · 80), 245 (3 ·69) [-0 ·6] 
295 (3 ·27), 268 (3 ·23), 258 (3 ·26), 248 (3·20) [6 ·0] ; 730 
275 (3·50), 263 (3 · 51), 25 1 (3 ·45) [ - 0 ·03] 
275 (3·66) [5 ·0] ; 276 (3 ·55), 264 (3 · 72). 246 (3·68) [-0·6] 
305 (3 · 34), 274 (3 ·25), 264 (3 ·26), 254 (3·20) [6·0] ; 410 
287 (3 · 52), 267 (3 · 39), 250 (3 · 29) [ - 0 ·03] 
282 (3 · 64) [5 · 0) ; 286 (3 · 36), 272 (3 · 62), 253 (3 · 62) [ - I · OJ 
285 (3 ·47), 265 (3 · 36), 257 (3 · 34), 247 (3 ·23) [6·0] ; 2100 
274 (3 · 69), 256 (3 · 54), 243 (3 · 40) [ - 0 · 03] 
269 (3· 71) [5 ·0J: 27 1 (3 ·69), 262 (3 ·80), 241 (3 ·64) [ - I · OJ 
280 (3 · 54), 266 (3· 49), 257 (3 ·46), 247 (3 · 35) [6·0] ; 1620 
273 (3 ·77), 257 (3 ·66), 246 (3·56) [ -0 ·03] 
270 (3·77) [6 ·0] : 270 (3 ·79). 26 1 (3 · 86), 240 (3 ·67) [-0 · 6] 
297 (3 ·45), 268 (3 ·23), 258 (3 ·26), 250 (3 ·24) [7 ·0] ; 10400 
280 (3 · 66), 260 (3 · 46), 252 (3 · 40) [0 · 67] 
273 (3 76) [6 ·0J: 270 (3 · 79), 263 (3 · 84), 250 (3 · 79) [ - 0 ·6] 
297 (3 ·46), 268 (3 ·25), 259 (3·29). 250 (3 ·27) [7 ·0]; 4380 
280 (3 · 66), 260 (3 ·46), 253 (3 ·42) [0 ·671 
274 (3 ·76) [6 ·0] : 273 (3 · 75), 263 (3·85), 252 (3 · 81) [-0 ·6] 
297 (3 ·44), 268 (3 ·23), 258 (3 ·27), 250 (3 ·23) [7 ·0]: 650 
280 (3 ·67), 260 (3 · 51), 250 (3 ·44) [0 ·671 
273 (3 · 83) [6 · 0J : 274 (3 · 75), 263 (3 · 89), 250 (3 · 84) [ - 0·03] 
2519 
t 112 at 22· 
and 
pH 11 · 35 
14 ·08 
16 · 5 
13 · 5 
D 
D 
_ D 
900 
68 
80 
11 90 
100 
110 
7380 
3120 
35400 
6420 
2990 
A 85 min at 30 ; 27 min at 40 ". u 53 min at 10"; 9 min ot 30 ". C 19 min at 30 °. 0 Insufficiently soluble fo r measurement. 
group to attack on the 4,5-bond prior to fi s ion . [Cf. the reverse phenomenon in the 
pyrimidines ( Il a) and ( lib), reported previou ly.12] For the same reason , the 3,5-
and 5,7-dia lk yl derivatives (6n), (6q) and (6r) rearranged extremely slowly (f 112 c. 
12 Brown, D. J. , and Paddon-Row, M. N., J . Chem. oc. C, 1967, 1928; Brown, D . J., and England, 
B. T., J. Chem. Soc. C, l971 , 250. 
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I 00 min) . The slowe t rearrangements occurred in the 3,5,7-trialkyl derivatives 
(6s- u) with t
112 
va lues 3000- 35000 min and pK. values c. 2·8. The rates for rearrange-
ment in acidic media broadly followed the order of those in a lka li ; temperature 
coefficients for rearrangement of the parent (6a) in both media (Table I, footnotesA- c) 
a re of the usual order, a pproximately doubling for each l 0° ri se. 
Rates were measured by change in u.v. spectra (Table l) at a convenient analytical 
wavelength. The n.m.r. spectra (see Experimental) were used to confirm the structures. 
In addition , clear meta coupl ing between H 5 and H 7 was noted in both systems (6) 
and (7) and an unusua lly di tinct coupling of c. I Hz occurred between H 5 and 6-Me 
(or 5-Me and H 6) in system (6) and between H 7 and 6-Me (or 7-Me and H 6) in 
system (7). 
Experimental 
Analyses were done by the A. . U. Analytical Services Unit. Melting points were uncorrected . 
The n.m.r. spectra were measured (except where indica ted otherwise) in (CD 3),SO at 35° and 
60 MHz wi th Me4 Si as an internal standard (chemical shifts in o; J values in H z). Ionization 
constants were measured spect rometrically at 21 ° on < 10- 3 M solutions in hydrochloric acid of 
appropriate H0 . 13 Ultravio let spectra were recorded on a Unicam SP 800 instrument. 
s- Tria zolo[4,3-a]pyrimidine (6a) and its [/ ,5-a] Isomer (la) 
2-Hydrazinopyrimidine14 (4 g) and triethyl orthoformate (30 ml) were boiled under reflux for 
17 h. Evapora tion in a vacuum and recrystallization of the residue from ethanol gave the [4,3-a] 
compound (77%), m.p. 2 16--219° (lit. 3 210-2 13°) (Found: C, 49 ·9; H , 3 · 5; , 46· 5. Cale. for 
C
5
H
4 4
: C,50 ·0; H,3·4; ,46·6%). M+ 120. N.m.r.7 · 13, q, J7, J4, H 6; 8 · 73,q, J4, J 2, 
H 7 ; 9·00,q, J 7,J2,H5 ; 9·26,s, H3 (cf.4 ). 
When the ortho ester was replaced in the above preparation by 98 % formic acid, a period of 5 h 
heating gave the triazolo[l,5-a]pyrimidine (62%), m.p. 147- 149° (from ethanol) (lit. 3 •5 •6 140-151°) 
(Found: C,49·8 ; H,3·3; , 46·5 %). M+ 120. N.m.r.7 · 37, q, J7, J 4, H 6; 8 · 65,s, H 2; 8·89, 
q, J 4, J 2, H 5; 9·40, q, J 1, J 2, H 7 (cf.4 • 15). A simi lar yield of the same compound (7a) was 
obtained by rearranging its isomer (6a) ( lg) in a mixture of acetic acid (10 ml) and sulphuric acid 
(0 · l g) held a t 95° for 4 h. 
3-Merlry l- and 3-Erlryl-s-rriazolo[4,3-aJpyrimidine, (6c) and (6d) 
2-Hydrazinopyrimidine14 (2 g) and triethyl orthoacetate (15 ml) were heated under reflux for 
20 h. After refrigeration, the solid was filtered off and concentration of the filtrate in a vacuum gave 
a second crop of the 3-merlry lrriazolopyrimidine (to tal yield : 55 %), m.p. 25 1- 253° (from ethanol) 
(Found: C, 53·6; H, 4 ·6; N, 41 · 8. C6 H6 N4 requires C, 53·7; H , 4 · 5 ; N, 41 ·8%). M + 134. 
N.m.r. 2·67, s, Me; 7 ·03, q, J 1, J 4, H 6; 8·63, q, J 4, J 2, H 7 ; 8 · 78, q, J 1, J 2, H 5. 
A simi lar procedure using triethyl orthopropionate (with a 6 h heating period) gave the 3-erhyl-
rriazolopyrimidine (72%), m.p. 202- 204 (from benzene) (Found : , 56·5; H , 5 · 3; N, 37 · 8. 
C
7
H8 .requi resC,56 · 7 ; H, 5 ·4 ; N,37 · 8%). N.m.r. ( I00MHz; 32°) 1 · 38, t, 17 ·4, Me ofEt; 
3· 10, q, J 1 ·4, 3-CH 2 ; 7 ·09, q, J 1, J 4, H 6; 8·70, q, J 4, J 2, H 7 ; 8·90, q, J 1, J 2, H 5. 
2-Merhyl- and 2-Erlry l-s-rriazolo[l ,5-a]pyrimidine, (le) and (ld) 
The above 3-methyltriazolo[4,3-a)pyrimidine ( I g), acetic acid (5 ml) and sulphuric acid (0 · I ml) 
were heated on the steam bath for 3 h. Concentration under reduced pressure, dilution with water, 
extraction wi th chloroform and evaporation of the dehydrated extract gave the 2-methylt riazolo-
13 Albert, A., and Serjeant, E. P., 'The Determina tion of Ioniza tion Consta nts' (Chapman & Hall : 
London 197 1). 
14 Sirakawa, K ., Ban, S., and Yoneda, M. , Yakugaku Zasslri, 1953 , 73, 598 ; Chesterfield, J ., McOmie, 
J . F. W., and Sayer, E. R., J. Chem. Soc., 1955, 3478. 
15 Makisumi, Y., Watanabe, H., and Tori , K., Chem . P/rarm. Bull., 1964, 12, 204. 
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[1,5-a]pyrimidine (60 %), m.p. 133- 135 (from ethanol) {lit. 3 131 - 133 ) (Found : , 41 ·7. Cale. for 
C• H• N4: N,41 ·8%). M + l34. N.m.r.2·50, s, Me ; 7 ·23,q,J7,J4, H6 ; 8·77,q,J4,J2, H5; 
9 · 25, q, J 7, J 2, H 7. 
3-Ethyltriazolo[4,3-a]pyrimidine (3 g) and acetic acid (50 ml) were boiled under reflux for 8 h. 
The residue from evaporation crystallized from benzene- light petroleum to give the 2-ethyltriazolo-
[l ,5-a]pyrimidine (67 %), m.p. 101 - 104 (Found: C, 56 ·9; H, 5 · 5; , 37 · 6. C 7 H 8 4 requires 
C,56·7; H,5·4; ,37·8%). N.m.r.1 ·33,t,17,MeofEt; 2 ·90,q,J7,CH 2 ; 7 · 32, q,J7,J4, H 6; 
8 · 87, q, J 4, J 2, H 5; 9 · 33, q, J 7, J 2, H 7. 
3-Phenyl- and 3-p-Chlorophenyl-s-triazolo[4,3-a]pyrimidi11e, (6e) and (61) 
2-Hydrazinopyrimidine (2 · 0 g), dimethylformamide (IO ml) and benzaldehyde (2 · 0 g) were 
boiled under reflux for I h. The cooled solution was diluted with water (35 ml) to precipitate a solid ; 
evaporation gave a second crop. 2-Benzylidenehydrazinopyrimidine (74 %) had m.p. 178-180 
(lit. 7 177°). N .m.r. 6 ·87, t, J 5, H5 ; 7·58, m, Ph; 8 · 22, s, NCH ; 8 · 50, d, J 5, H4,6. This inter-
mediate (2 · 0 g), diethyl azodicarboxylate (2 · 5 g) and dimethylformamide (20 ml) were boiled under 
reflux for 15 h. Fractional recrystallization of the residue from evaporation gave the phenyltriazolo-
pyrimidine (23 %), m.p. 203- 205° (lit. 7 201 - 202° ; 60-70 % with lead tetraacetate as oxidizing agent). 
N.m.r. 7·l3,q, J7, J4, H6; 7 ·60,m,H3 ',4' ,5'; 7 ·93,m,H2',6'; 8·75,q,J4,J2,H7; 9·00,q, 
J7,J2,H5 ; (CF3 CO 2 H): 7 ·80, q,J7, J4, H6 ; 7·87, s,br,Ph ; 9 · 18,q, J7, J2, H5 ; 9 ·35,q, 
J 4, J 2, H 7. 
2- Hydrazinopyrimidine (5 g), p-chlorobenzaldehyde (7 g) and dioxan (60 ml) were boiled under 
reflux for I h. The residue from evaporation recrystallized from ethanol to give 2-p-chlorobenzylidene-
hydrazinopyrimidine (73 %), m.p. 215- 217° (Found : C, 57 · 3 ; H, 3 · 9 ; , 24 · 4. C,, H9 CI 4 requires 
C,56·8 ; H,3·9; ,24· 1%) .. m.r.6·87,t,J5,H5; 7·47,d , J9, H2',6' ; 7 ·73,d,J9, H3 ',5'; 
8 · 17, s, NH :cCH ; 8 · 5, d, J 5, H 4,6. Lead tetraacetate (6 · 6 g) was added slowly with stirri ng to a 
refluxing solution of the above pyrimidine (3 g) in benzene (200 ml). After heating and stirring for a 
further 10 h the cooled suspension was diluted with water (20 ml). The residue from evaporation in 
a vacuum was extracted with boiling ethanol from which crystallized the chlorophenyltriazolopyrimidine 
(77 %), m.p. 284-286° (Found: C, 57·3; H, 3 · 3; N, 24 · 6. C 11 H7 CIN4 requires C, 57·3 ; H, 3 · I ; 
N, 24 · 3 %). N.m.r. (CF3 CO 2 H) 7 · 73, m, H 6+ Ph ; 9 · 2, m, H 5,7. Oxidation of the intermediate 
pyrimidine with diethyl azodicarboxylate, as for the phenyl analogue above, gave the same product 
(45 %). 
2-Phenyl- and 2-p-Chlorophenyl-s-triazolo[/ ,5-a]pyrimidine, (le) and (7/) 
The above 3-phenyl- and 3-p-chlorophenyl-triazolo[4,3-a]pyrimidines (I g) were each boiled in 
acetic acid (30 ml) for 24 h. Evaporation and recrystallization from benzene gave the 2-phenyl 
isomer (7e) (60 %), m.p. 18 1- 182° (lit. 7 18 1- 183 ') (n.m.r. 7 ·42, q, J 4, J 7, H6 ; 7 ·60, m, H 3',4',5 ' ; 
8 ·32,m,H2',6' ; 8·97,q, J4, J2, H5 ; 9 ·48, q,J7, J2, H7 ; (CF3 CO 2 H): 7 ·77,m,H3',4' ,5 ' ; 
7 · 92, q, J 7, J 4, H 6; 8·27, m, H2' ,6'; 9·33, q, J 4, J 2, H 5; 9 ·38, q, J 7, J 2, H 7) and the 
2-p-chlorophenyl derivative (7f) (75 %), m.p. 247- 249 (Found : C, 56 · 9; H, 3 · 2 ; , 24 · 3. 
11 H 7 CIN4 requires , 57 · 3; H,3· 1; N, 24 · 3%) (n.m.r. 7 ·25, q, J 4, J 7, H6 ; 7·48, d, J 9, 
H 3' ,5' ; 8 · 12, d, J 9, H 2' ,6'; 8 · 77, q, J 4, J 2, H 5; 9·28, q, J 7, J 2, H 7), respectively. 
The phenyl compound (7e) was also prepared by heating 2-hydrazinopyrimidine (2 g), triethyl 
orthobenzoate (4 ml) and dioxan (10 ml) for 3 h followed by evaporation. The yield of recrystallized 
product was 59 %. 
The p-chlorophenyl compound (7f) was also prepared by hea ting 2-hydrazinopyrimidine (2 g), 
p-chlorobenzaldehyde (2 · 8 g), diethyl azodicarboxylate (3 · 5 g) and dimethylformamide (20 ml) 
for 8 h fo llowed by evaporation and fractional crystallization. The yield was 30 %. 
3-p-Nitrophenyl-s-triazolo[4,3-a]- and 2-p-Nirrophenyl-s-triazolo[l ,5-a]-pyrimidine, (6g) and (lg) 
Procedures ana logou to tho e for the p-chlorophenyl analogue above gave 2-p-nitrobenzylidene-
hydrazinopyrimidine (80 %), m.p. 255- 257° (from ethanol) ( ound : , 54·5 ; H, 4 ·0; , 29 · 1. 
11 H9 N5 O 2 requires , 54 · 3; H, 3·7; N, 28 · %) (n.m.r. 6 ·97, t, J 5, H S; 7·93, d, J 9, H 2' ,6' ; 
8 · 28, s, N HN- CH ; 8 · 3, d, J 9, H 3' ,5 ' ; 8 · 57, d, J 5, H 4,6); the nitrophe11yltriazo/0[4 ,3-a]pyrimidine 
(9 1%),m.p.337- 339° (fromdimethylformamide)(Found: ,55· 1; H,3·2; ,29·3. C11 H1N,O2 
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requires C, 54·8; H, 2·9 ; , 29·0 %) [n.m.r. (CF 3CO 2 H ; 100 MHz ; 32 ') 7·87, J 7, J 4, H6 ; 
8·22,d,J9,H3', 5'; 8·59,d,J9,H2',6'; 9·26,q,J2,J7,H5; 9·39,q,J4, J 2,H7]; and the 
isomeric nirrophenyltriazolo[/,5-a]pyrimidine (66 %), m.p. 333-335° (from dimethylformamide) 
(Found: C, 55 · 1; H , 2·9; , 29 ·0 %) [n.m.r. (CF 3CO 2 H ; 100MHz; 32°) 7·96,q, J4,J 7, H6; 
8 · 51, s, br, H 2',3' ,5 ',6'; 9 · 38, m, H 5,7]. When lead tetraacetate in acetic acid (instead of benzene) 
was used for the oxidative cycliza tion step, the (1,5-a]-isomer was isolated directly (76 %). 
3-Sryryl-s-rriazolo[4,3-a]- and 2-Sryryl-s-rriazolo[J ,5-a]-pyri111idi11e, (6h) and (7h) 
Similar procedures (using cinnamaldehyde initially) gave 2-ci1111amylidenehydrazinopyrimidine 
(79%), m.p. 228- 230° (from dioxan) (Found: C, 69·2; H, 5·5; N, 25·2. C13H 12 • requires 
C, 69·6; H, 5 ·4; , 25·0 %) [n.m.r. (100 MHz ; 32°) 6·80, t, J 5, HS ; 6 ·91, s, br, PhCH=CH CH ; 
6 · 98, d, J 8, PhCH=CHCH ; 7·34, m, H3' ,4' ,5 ' ; 7·55, m, H 2' ,6'; 8·00, d, J 8, PhCH=CHC H ; 
8 · 44, d, J 5, H 4,6]; the sryryltriazolo[4,3-a]pyrimidine (69 %), m.p. 269- 27 l O (from dimethyl-
formamide-ethanol) (Found: C,70·1; H,4·7; N,25 · 1. C 13 H, 0 N. requires C,70·3; H ,4·5; 
, 25·2 %) [n.m.r. (CF3CO2H ; 100 MHz; 32°) 7·29, d, J 16, PhCH=CH; 7·40, m, H3',4' ,5 '; 
7·64, m, H2',6'; 7 · 74, q, J 7, J 4, H6 ; 8·08, d, J 16, PhCH=CH ; 9·20, m, H5,7]; and the 
sryrylrriazolo[l,5-a]pyrimidine (81 % by rearrangement; 68 % by lead tetraacetate in acetic acid and 
oxidative cyclization), m.p. 227-229 (from ethanol) (Found: C, 70 · 3; H, 4· 9; N, 25 · 5 %) [n .m.r. 
(CF3CO2H; 100MHz; 32°) 7·17, d, J 16, PhCH=CH; 7·44, m, H3' ,4',5 ' ; 7·46, m, H2',6'; 
7·82, q, J 4, J 7, H6 ; 8·08, d, J 16, PhC H=CH ; 9·24, m, H5,7]. 
2-Merhoxy-s-rriazolo[l,5-a]pyrimidine (7i) 
2-Hydrazinopyrimidine (2 g) and tetramethyl orthocarbonate (20 ml) were heated in a sealed 
tube at 150° for 10 h. Evaporation and recrystallization of the residue from ethanol gave the 
merhoxyrriazolopyrimidine (47 %), m.p. 166-168° (Found: C,48·3; H ,4·1; N,37 ·8. C6H 6N 4 0 
requiresC,48·0; H,4·0; N,37·3 %) .. m.r.4·03,s,OMe; 7·25,q, J 4, J 7, H 6; 8·73,q, J4,J2, 
HS ; 9·20,q,J2, J7,H7. 
5- and 7-Merhyl-s-rriazolo[4 ,3-a]pyrimidine, (6k) and (6/) 
2-Hydrazino-4-methylpyrimidine' 6 (9 g) and triethyl orthoformate (120 ml) were stirred in an 
open flask immersed in a bath at 85° during 9 h; ethanol was allowed to distil out. After cooling, the 
solid was recrystallized from benzene-ethanol to give the 7-methyltriazolopyrimidine (3 · 2 g). 
The residue from evaporation of the original filtrate was submitted to fractiona l recrystallization from 
benzene-ethanol to give the same product (O · 9 g) and its isomer (I · 4 g). The 7-methyl compound 
(43 %) had m.p. 221 ° (lit.8 15 % ; 221 °) and n.m.r. 2·55, s, Me ; 7 ·02, d, J7, H6; 8·85, d, J7, HS ; 
9·13, s, H 3. The 5-methyl compound (14 %) had m.p. 189- 190° (lit.8 8 %; 190°) and n.m.r. 2·73, 
d, Me; 6·98, d, J 4, H6 ; 8·62, d, J 4, H7 ; 9·32, s, H3 . 
5- and 7-Merhyl-s-rriazolo[J,5-a]pyrimidine, (7/) and (7k) 
2-Hydrazino-4-methylpyrimidine16 (9 g) and formic acid (98 %; 40 ml) were boi led under reflux 
for 9 h. The residue from evaporation was diluted with hot benzene and allowed to cool : the 
5-methyltriazolopyrimidine (2 · 9 g) crystallized out. The filtrate was evaporated and the solids were 
fractionally recrystallized from benzene-ethanol to give the same product (0·9 g) and its 7-methyl 
isomer; more of the latter was obtained by a third evaporation followed by extraction with boiling 
light petroleum (b.p. 100- 120 ). The 5-methyl compound (39 %) had m.p. 182-184° (lit.8 33%; 
181- 182)andn.m.r.2·63,s, Me ; 7·27,d,J7,H6; 8·58,s, H 2; 9·25,d, J7, H7 (cf. 15). The 
7-methyl compound (23 %) had m.p. 136- 138° (lit.8 16%; \38°) and n.m.r. 2·82, d, Me; 7·30, d, 
J4, H 6; 8·67,s,H2; 8·80,d, J 4,H5(cf. 15). 
6-Merhyl-s-rriazolo[4,3-a]- and 6-Methyl-s-rriazolo[l ,5-a]-pyrimidine, (6m) and (7m) 
4-Thiothymine 17 (40 g), hot water (600 ml) and concentrated aqueous ammonia (80 ml) were 
stirred while Raney nickel catalyst (160 g, weighed wet) was added as quickly as possible. The 
16 Matsukawa, T., and Ban, S., Yakugaku Zasshi, 1953, 73, 159. 
17 Ueda, J ., and Fox, J. J., J. Med. Chem., 1963, 6, 697. 
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suspension was boiled under reflux with stirring for 8 h and then filtered. The cake was washed with 
hot water and the filtrate and washings were evaporated to dryness. Recrystallization from water 
gave 5-methylpyrimidin-2-one (8; R' = R3 = H, R 2 = Me) (66 %), m.p. 209-211 ° (lit.' 8 210°). 
This material (20 g) and phosphoryl chloride (180 ml) were boiled under reflux for I 5 h. The residue 
after removal of most of the phosphoryl chloride was stirred in ice for 20 min. The solid was filtered 
off and added to ether extracts of the filtrate. Evaporation gave 2-chloro-5-methylpyrimidine (9; 
R ' = R 3 = H , R2 = Me) (52 %), m.p. 91 - 92° (lit. 19 91 °). N.m.r. 2 · 27, s, Me ; 8·63, s, H4,6. The 
chloropyrimidine (IO g), hydrazine hydrate (100 %; 40 ml) and ethanol (80 ml) were heated under 
reflux on the steam bath for J h. The residue from evaporation in a vacuum crystallized from ethanol 
to give 2-hydrazino-5-methylpyrimidine (I; R 1 = R 3 = H, R 2 = Me) (70 %), m.p. 140---142° (from 
benzene)(Found: C,48·4; H ,6·7; ,45·5. Calc.forC5 H 8 N 4 :C,48·4; H,6 ·5; N,45·1 %). 
N .m.r. 2·07, s, Me ; 8· 18, s, H4,6. 19 
Treatment of this pyrimidine for 2 h with triethyl orthoformate, as for the homologue (6a), gave 
the 6-methyltriazolo[4,3-a]pyrimidine (81 %), m.p. 186-188° (from ethanol) (Found: C, 53 · 5; H, 4 · 8; 
N, 42·2. C6H6N 4 requires C, 53 · 7; H , 4 · 5; N, 41 · 8 %). N .m.r. (JOO MHz) 2·38, d, JI, Me; 
8·69, d, J 2, H7 ; 8·86, dq, J,.1 2, ls .Mc J, H S; 9·24, S, H3. 
Similar treatment of 2-hydrazino-5-methylpyrimidine with 98 % formic acid gave the isomeric 
6-methyltriazo/o[/ ,5-a]pyrimidine (44 %), m.p. 155-156° (from ethanol) (Found: C, 53 · 8; H, 4· 6; 
N, 41 ·8%). .m.r. 2·40, d, J 1, Me ; 8 · 60, s, H2 ; 8·80, d, 12, HS ; 9 ·25, m, / 5 , 7 2, / 7 ,M, I , H7. 
Dialkyl-s-triazo/o[4,3-a]pyrimidines 
2-Hydrazino-4-methylpyrimidine16 (JO g) and triethyl orthoacetate (JOO ml) were stirred and 
heated (without a reflux condenser) at 80° for 7 h and then at 90° for 2 h. The solid was filtered off 
before cooling. Purification by chromatography (chloroform; alumina), followed by recrystallization 
from benzene containing a little ethanol, gave 3,5-dimethyl-s-triazolo[4,3-a]pyrimidine (6n) (13 %), 
m.p.228-229° (Found: C,56 ·7; H,5·1; ,37·3. C7 H 8 N 4 requiresC,56·7; H,5 ·4; ,37 ·8%) 
(n.m.r. 2·88, d, JI , 5-Me; 2·91, s, 3-Me ; 6·83, q, J 4, ls-Mc, 6 1, H6 ; 8·47, d, J 4, H 7). The 
residue from evaporation of the original filtrate in a vacuum, recrystallized from benzene-ethanol 
to give the isomeric 3,7-dimethy l-s-triazolo[4,3-a]pyrimidine (60) (42 %), m.p. 190---192° (Found: 
C, 56 · 6; H, 5·4; N, 37·5 %) (n.m.r. 2 · 53, s, 7-Me; 2·63, s, 3-Me; 6·97, d, J 1, H 6; 8·68, d, 
17, HS). 
2-Hydrazino-5-methylpyrimidine (see above) (3 g) and triethyl orthoacetate (50 ml) were boiled 
under reflux for J h and then cooled. The first crop of solid was filtered off and evaporation of the 
filtrate, followed by trituration with a little benzene, gave a second crop. The 3,6-dimethyl-s-
triazolo[4,3-a]pyrimidine (6p) (74 %) had m.p. 212-213° (from benzene) (Found: C, 56 ·8 ; H , 5 · 3; 
N, 38·2. C7 H 8 4 requires C, 56·7; H, 5·4; , 37·8 %). .m.r. 2 · 32, d, J 1, 6-Me; 2·63, s, 
3-Me; 8·55, d, / 2, H7 ; 8·62, q, Js.1 2, ls,6-Mc 1, HS. 
2-Hydrazino-4,6-dimethylpyrimidine20 (5 g) and triethyl orthoformate (30 ml) were heated under 
reflux for 3 h and then refrigerated to give 5,7-dimethyl-s-triazolo[4,3-a]pyrimidine (6q) (64 %), 
m.p. 170° (lit. 3 •21 166-169°). N.m.r. 2·52, s, 7-Me; 2·68, d, J 1, 5-Me; 6·90, d, J 1, H6; 9·22, s, 
H3 . 
Heptane-3,5-dione22 (51 g), urea (20 g), butan- 1-ol (200 ml) and concentrated hydrochloric acid 
(40 ml) were boiled under reflux for 7 h. After chilling, the first crop was removed and the fil trate 
was evaporated to yield a second crop. Crystallization of the whole from ethanol gave 4,6-diethyl-
pyrimidin-2(/H)-one hydrochloride (8 ; R' = R 3 = Et, R2 = H) (85 %), m.p. 205-207° (Found: 
C,5 1· 1; H,6·9. C8 H, 3 IN20requiresC,5O·9; H ,6·9%) .. m.r.1 ·23,t,J7,Me2of4-Et+6-Et; 
2·83,q, J 7,4-CH2+6- H2; 6·88,s, HS ; 9· 15,br, H. 
The above hydrochloride (40 g) and phosphoryl chloride (200 ml) were heated under reflux for 
l 5 h. After removal of the excess of phosphoryl chloride in a vacuum, the residue was stirred with 
ice for 20 min. Extraction with ether and distillation of the extract gave 2-ch/oro-4,6-diethylpyrimidine 
18 Laland, S. G ., and Serck-Hanssen, G ., Biochem. J., 1964, 90, 76. 
19 Brown, D . J., and Waring, P., Aust. J. Chem., 1973, 26, 443; Brown, D. J., and Hoskins, J. A., 
J. Chem. Soc., Perkin Trans. I , 1972, 522. 
20 Boarland, M. P. V. , McOmie, J . F. W., and Timms, R . N., J. Chem. Soc., 1952, 4691. 
21 Williams, L.A ., J. Chem. Soc., 1960, 1829. 
22 Brandstrom, A., Ark. Kemi, 1951 , 3, 365. 
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(9; R ' = R3 = Et, R 2 = Cl) (83°,0), b.p. 66' /0 ·3 mm (Found: C, 56·7; H, 6·4; , 16· 5. 
C
8
H
11
CI 
2 
requires C, 56 · 3; H, 6· 5; N , 16· 4 %). .m.r. l · 25, t, J 7, Me2 of 4-Et +6-Et ; 2·78, 
q, J 7, 4-CH 2 +6-CH 2 ; 7·47, s, H 5. 
The foregoing chloropyrimidine (34 g), ethanol (90 ml) and 100 % hydrazine hydrate (50 ml) 
were heated under reflux for 15 min. The solution was diluted with wa ter (60 ml). After refrigeration 
the product was removed and concentra tion of the filtrate gave a econd crop: 4,6-dierhyl-2-
hydrazinopyrimidine (1 ; R ' = R 3 = Et, R 2 = H) (82%) had m.p. 77- 79 (from aqueous ethanol) 
(Found: C, 58·0; H , 8·7; , 33·9. C8 H, •• requires C, 57·8; H , 8·5; , 33 ·7 %). N .m.r. 
l · l7,t, J7, Me
2
of4-Et +6-Et ; 2·55, q, J7, 4-CH 2 +6-CH 2 ; 4·08,br, H2 ; 6· 48,s, H 6; 7 ·95, 
br, H . 
This hydrazinopyrimidine (3 g) and triethyl orthoformate (30 ml) were heated under reflux for 
12 h. The residue from evaporation was diluted wi th benzene-ether and refrigeration gave 
5,7-dierhyl-s-rria=olo[4,3-a]pyri111idi11e (6r) (82 %), m.p. 89-91 ° (Found : C, 61 · l ; H, 7·0; , 32 · 2. 
C
9
H
12 
• requires C, 61·3; H , 6·9; N, 31 ·8%). .m.r. 1·30, t, J 7, Me of 7-Et; 1· 37, t, J 7, 
Me of 5-Et; 2·90, q, J 7, 7-CH2 ; 3· 10, q, J 7, 5-CH2 ; 6·97, s, br, H 6; 9·37, s, H3 . 
Dialkyl-s- rriazolo[/ ,5-a]pyrimidines 
Each dimethyl-s-triazolo[4,3-a]pyrimidine (6n-q) (2 · 0 g) was boiled under reflux in glacial 
acetic acid (30 ml) for 10- 20 h. Evaporation followed by crystallization of the residue from benzene 
and/or light petroleum gave, respectively: 2,7-dimethyl-s-triazolo[l,5-a)pyrimidine (7n) (60 %), 
m.p. 161- 162° (lit. 23 162 ) (n.m. r. 2 · 56, s, 2-Me; 2 · 80, d, J 6 .,-.1c I, 7-Me; 7 · 32, q, J 4, J I , H 6; 
8 · 82, d, J 4, H 5); 2,5-dimerhyl-s-rriazolo[l,5-a]pyrimidine (7o) (45 %), m.p. l 06-108° (previously 
described" only as a monohydrate, m.p. 86-88°) (Found : C, 57 ·0 ; H , 5· 5; , 38 · 3. C,H 8 • 
requires C, 56·7; H , 5·4; , 37 ·8%) (n.m.r. 2·45, s, 2-Me; 2·60, s, 5-Me; 7 · 15, d, J 7, H 6; 
9 · 10, d, J 7, H7); 2,6-dimerhyl-s-rriazolo[l,5-a]pyrimidine (7p) (80 %), m.p. 195- 196° (Found : 
C,56 ·4 ; H,5·4; ,37 ·3. C7 H8 .requiresC, 56 ·7 ; H ,5· 4 ; N,37· 8%)(n.m.r.2·37,d,J•-Mc.1 I, 
6-Me; 2·47, s, 2-Me; 8· 70, d, 15 •7 2, H S; 9·10, q, JI , J 2, H7); and 5,7-dimethyl-s-t riazolo-
[l ,5-a]pyrimidine (55 %), m.p. 135- 136° (lit. 3 •21 135- 137) (n.m.r. 2 · 57, s, 5-Me; 2·73, d, 7-Me ; 
7 · 13, s, H6 ; 8· 52, s, H 2). 
Although it was virtually stable to trea tment with acetic acid as above, 5,7-diethyl-s-triazolo-
[4,3-a]pyrimidine (6r) (3 g) did rearrange on boiling under reflux for 20 h in acetic acid (40 ml) 
containing concentrated hydrochloric acid (1 ml). The residue from evaporation was diluted with 
water, neutralized wi th sodium hydrogen carbonate, and again evaporated to dryness. The solid 
was extracted wi th boiling dioxan. The extract was treated wi th sodium sulphate and then evaporated 
to give 5,7-dierhyl-s-rriazolo[l ,5-a]pyrimidine (7r) (53 %), m.p. 68-70° (from benzene-light petroleum) 
(Found: C,61 · 1; H,6·8; ,3 1·7. C9 H 12 4 requires C,61·3; H,6·9; , 31·8%). N.m.r. 
1 ·32,t,J7, Me of5-Et ; 1·38,t, J7, Meof7-Et ; 2·93,q, J7,5-CH2 ; 3 · 18, q, J7, 7-CH 2 ; 7·23, 
s, br, H 6; 8·63, s, H 2. 
Tria/kyl-s-rriazolo[4 ,3-a]pyrimidines 
2-Hydrazino-4,6-dimethylpyrimidine20 (5 g) was heated under reflux in triethyl orthoacetate 
(50 ml) for 3 h o r in triethyl orthopropionate (50 ml) for 40 min. Each soluti on was cooled to give 
a first crop and then evaporated, with subsequent dilution of the residue by benzene, to give a second 
crop. Of the respective products, 3,5,7-trimethyl-s- triazolo[4,3-a]pyrimidine (6s) (87 %) had m.p. 
207 (lit. 21 54 %, 207') [n .m.r. ( 100 MHz; 32°) 2· 48, s, 7-Me; 2 ·83, d, JI , 5- Me; 2·87, s, 3-Me ; 
6· 75, q, J I, H 6] and 3-erhyl-5,7-dimerhyl-s-rriazolo[4,3-a]pyrimidine (6t) (61 %) had m.p. I 84- 186° 
(frombenzene)(Found: C,6 1· 1; H,6·5; ,31 ·9. C9 H12 4 req ui res ,61·3; H,6·9; ,3 1·8%) 
(n.m.r. I · 38, t, J 7, Me of Et; 2· 45, s, 7-Me; 2· 80, d, J I, 5-Me; 3 · 28, q , J 7, 3-CH 2 ; 6· 72, s, br, 
H 6). 
Similar treatment of 4,6-diethyl-2-hydrazinopyrimidine with triethyl orthoacetate for 20 h gave 
5,7-dierhyl-3-merhy l-s-rriazolo[4 ,3-a]pyrimidine (6u) (85 %), m.p. 92- 94° (Found : C, 63 · 2; H, 7 · 5 ; 
,29·5. , 0 H,.N4 requires ,63· 1; H,7· 4 ; N,29·5%). N.m .r. 1· 25,t, J7, Meof7-Et; 1·29, 
t, J 7,Meof5-Et; 2·8 1,q, J 7,7- H 2 ; 2 ·87,s,3-Me ; 3·25, q,17,5- H 2 ; 6·75,s,br, H 6. 
23 Makisumi , Y., Chem. Phann . 811//. , 1961, 9,883. 
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Trialkyl-s-triazolo [l ,5-a] pyrimidines 
The above triazolo[4,3-a]pyrimidines (6s) and (6u) were hea ted under reflux in acetic acid (15 
parts) for 20 h. Evaporation gave, respectively, 2,5,7-trimethyl-s- triazolo[I,5-a]pyrimidine (7s) (66 %), 
m.p. 144-146° (from benzene- light petroleum) (lit.4 • 21 139- 141 °) (n.m.r. 2 ·45, s, 2-Me; 2 · 52, s, 
5-Me; 2 · 67, s, 7-Me; 7 · 03, d, H 6) ; and 5,7-diethyl-2-methyl-s-triazolo[J ,5-a]pyrimidine (7u) (70 %), 
m.p. 80--82° (from benzene- light petroleum) (Found : C, 63 · I ; H, 7 · 5; N, 29 ·4. C10H,. • 
requiresC,63 · 1; H,7·4; ,29·5%)(n.m.r.1 · 30, t,17, Meof5-Et ; 1 · 35, t, 17, Meof7-Et ; 
2 ·50,s,2-Me; 2 ·88,q, J 7,5-CH 2 ; 3 · 12,q,J7,7-CH2 ; 7·JO,s,br, H 6). 
The ethyldimethylt riazo lo[4,3-a]pyrimidine (6t) underwent satisfactory rearrangement only by 
hea ting for 40 h in acetic acid containing hydrochloric acid, as for the analogue (7r) above: the 
resulting 2-ethy l-5 ,7-dimethy l-s-triazolo[J ,5-a]pyrimidine (71) (34 %), had m.p. 119- 121 ° (from 
benzene-lightpetroleum)(Found : C,61 ·4; H,6·7; N, 31 · 9. C9 H ,,N.requiresC, 61·3; H,6 ·9; 
N, 31 · 8 %). N .m.r. I · 32, t, J 7, 2-CH 2 ; 2·55, s, 5-Me; 2 ·68, d, JI , 7- Me; 7 ·05, q, J l , H6. 
Rearrangement Rates 
A c. 2 · 5 x 10 - 3 M solut ion of each triazolo[4,3-a]pyrimidine (50 ·0 ml) was kept a t 22° (for 
alkali) or 50° (for acid) and then di luted wi th an equal volume of 0 ·01 M potassium hydroxide or 
0 ·2 M hydroch loric acid at the same temperature. Samples (5 ·0 ml) were withdrawn from the 
solution in the thermostat immediately and a t appropriate intervals during > 90 % of the reaction: 
each was made up to 25 ·0 ml with aqueous pH 7 buffer and its u.v. absorption at a predetermined 
wavelength was recorded . The 11, 2 va lues were determined from the first-order rate plots. Variations 
in temperatur , pH or H0 were introduced in certain cases (see Table 1). 
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Abslrac/ 
s-Triazolo[4,3-a]pyridine-3(2H )-lhione ( I b) undergoes S-a lkyla tion to give derivatives such as 
2-(s-triazolo[4,3-a]pyrid in-2' -ylthio)acetamide (4c) which may be oxidized to the correspondi ng 
sulfoxide (4g) a nd sulfone (4h) . Likewise, alkylation of l -methyl-s-triazolo[4,3-a]pyridinium-3-
thiolale (2b) yields 3-carbamoylmetbylthio-l-methyl-s-triazolo[4,3-a]pyrid iaium chloride (3). 
Similar trea tment of s -triazolo[4,3-a]pyrimidine-3(2H )-thione (le) leads to 2-(s-triazolo[4,3-a]-
pyrimidin-3 ' -ylthio)acetamide (4j) and ana logues, all of which undergo Dimroth-l ike rearrangement 
to their respective [1 ,5-a]-isomers (5), (6b) aad analogues. 2-(s-Triazolo[3,4-b]benzothiazol-3 ' -
ylthio)acetamide (9b) was al o prepared from the corresponding thione (8) . 
Activities of the a bove compounds as amplifiers of phleomycin against £ . coli are tabulated . 
The amide (4c) is highly acti ve, non-toxic and resistant to metabolism. 
Introduction 
Phleomycin 1 i a wide- pectrum a ntibiotic, limited in potential use by its neph ro-
tox1c1ty. H owever, the effective dose of pbleomycin can be reduced considerably 
by using it in conjunction with amplifying agents uch as purines2 - 5 o r o ther D A-
binding ubstances.6 Such a mplifier can potentiate the antibacterial effect of phleo-
mycin on Escherichia coli up to SO-fold in vitro. From our work with purines, 2- 5 it 
has become evident that a mplifiers must not o nly be a acti ve as possible, but they 
should have good aqueous solubility, low toxicity a nd a high resistance to metaboli m. 
With these criteria in mind , we have recently reported on some purine analogues a 
* Part J, Aust. J. Che111 ., 1977, 30, 1775 . 
1 Maeda , K ., Ko aka , H ., Yagi hit a , K ., and Umezawa , H ., J . A111ibio1., Ser. A , 1956, 9, 82 ; Takita , 
K ., Muraoka, Y ., Yoshioka, T ., Fujii , A., Maeda , K., and Umezawa, H ., J . A111ibiot., Ser. A , 
1972, 25, 755. 
2 Grigg, G . W., Mo/. Gen. Genet., 1970, 107, 162 ; Grigg, G . W ., Edward , M . J ., a nd Brown , D . J ., 
J. Bacteriol., 197 1, 107, 599 ; Grigg, G . W., J . Gen. Microbial., 1972, 70, 221. 
3 Brown, D. J ., Jones, R . L. , Angyal , A . M. , and Grigg, G . W., J. Che111. Soc., Perkin Trans. I , 
1972, 1819 ; Badger, R . J ., Brown, D. J ., aad Lis ter, J . H., J. Che111. Soc., Perkin Trans. I , 1974, 
152 ; Bhusha n, K., Brown, D. J ., Lister, J . H ., Stephanson, L. G ., and Yoneda, F ., Aus!. J. Che111. , 
1975, 28, 2553 . 
4 Angyal, A . M ., Grigg, G . W ., Badger, R . J ., Brown, D. J. , and Lister, J . H ., J . Gen . Microbial., 
1974, 85, 163. 
5 Brown, D . J ., and tepha nson, L. G ., Aust. J . Chem., 1974, 27, 137 1; 1976, 29, 1031. 
6 Grigg, G . W ., Gero, A. M ., Hughes, J . H ., Sleigh, M. J ., asse, W. H . F. , Joha nsen, 0 ., and 
Kissa ne, P ., J. A111ibio1. , 1977, 30, 870. 
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a mplifier :7 thiazolo(S,4-d]pyrimidine , benzimidazoles, benzoxazoles, benzothiazoles 
and unfused imidazoles . Some of these proved quite active but were far from ideal 
in other respect . Ln the present paper we report further analogue , this time having 
a bridgehead nitrogen atom and therefore electronica ll y different from, although 
sterica lly ra ther similar to, the parent purine system . The e analogues include 
s-triazolo[4 ,3-a]pyridines, e.g. (4 ; X = CH), s-triazolo[4,3-a]pyrimidines, e.g. (4 ; 
X = , s-triazolo[l ,5-a]pyrimidine , e.g. (6), and s-triazolo[3,4-b]benzothiazoles, 
e.g. (9). 
X y 
(la) CH 0 
(lb) CH S 
( le) N S 
c~ N ~N 
I~ HN' z S 
R 
~ 
ll_N~+,,..-Me 
-y) I 
(5) 
X 
(2a) Y -0 (3) 
(2b) Y -
l.,l 
I L.'SR 
(6a) R = Me 
(6b) R = CH2CO H2 
(6c) R = CHMeCONH2 
Q~ 
( 7a) H a 
>-2) 
S H (8) 
(7b) CH2CO H2 CH.,CO H2 
yntheses 
(4a) 
(4b) 
(4c) 
(4d) 
(4e) 
( 4f) 
(4g) 
(4h ) 
( 4i ) 
( 4j) 
(4k) 
X R 
CH SMe 
CH SCHzCOzH 
CH SCHzCONHz 
CH CHMeCO Hz 
CH SCH(CO Hz)z 
CH S(Oz)Me 
CH S(O)CHzCONH2 
CH S(Oz)CH2CO H2 
SMe 
N SCHzCO Hz 
SCHMeCONHz 
(9a)R= Me 
(9b) R = CHzCONHz 
Cyclization of pyridin-2-ylhydrazine with urea or carbon di sulfide gave the 
triazolopyridone (la) and the corresponding thione (I b), respectively;8 analogous 
cycliza tion of l-methyl-1-(pyridin-2'-yl)hydrazine with pho gene or thiophosgene 
gave the related I-methylated triazolopyridinium(thi)olate (2a) and (2b) .9 Alkylation 
o f the latter with 2-chloroacetamide gave the quaternary salt (3) ; similarly, with 
a ppropriate reagent the thione (I b) was converted into its S-alkylated derivative 
(4a- e). Of these, the triazolopyridinylthioacetamide (4c) wa al so prepared (for 
7 Brown, D. J., Dunla p, W .. , ri gg, G . W., a nd Kell y, J., Aust. J . he111 ., 1977, 30, 1775 ; Brown, 
D . J., Dunla p, W. ., Grigg, G . W. , and Danckwerts, L. , Aust . J. hem. , 1978, 31, 447. 
8 Potts, K . T ., a nd Burton, H. R ., J. Org. Chem., 1966, 31, 251. 
9 Potts, K . T. , Roy, S. K ., Schneller, S. W., and Huseby, R . M., J. Org . he111., 1968, 33, 2559. 
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metabolic studies) with a labelled carbonyl gro up by u ing 2-iodoacetamide[ l-14C] 
as the alkylat ing agent ; in addit ion, for identifica ti on of potential metabolite , the 
thioether (4a)10 was oxidized by perma nga nate to the corresponding sulfone (4f) 
a nd the thioether (4c) was oxidized, both to the ulfoxide (4g) by m-ch loroperoxy-
benzoic acid a nd to the sulfone (4h) by permanganate. 
Treatment of pyrimidin-2-ylhydrazine with ca rbon di sulfide in sodium hydroxide 
gave the triazolo[4,3-a]pyrimidinethione (1 c), 11 initially a its sodium salt obtained 
by cyclization of the intermediate, sodium 2-(pyrimidin-2' -yl)hydrazinodithioformate 
(7a) . Appropriate S-alkylation of the thione (le) gave the thioethers (4i- k) . The 
triazolo[l ,5-a]pyrimidinethione (5) and the corresponding thioethers (6a- c) were 
obtained by a Dimroth-like rearrangement ( ee1 2) of the corresponding [4,3-a] 
compounds under mildly a lkaline or acidic conditi ons. Another route to the amide 
(6b) involved treatment of the intermediate (7a) with chloroacetamide to give an 
N,S-biscarbamoylmethyl derivative, probably (7b). In boili ng dimethylformamide, 
this underwent cyclizat ion, loss of the N-carbamoylmethyl residue, a nd rearrange-
ment (but not necessa rily in that order). 
The triazolobenzothiazolethione (8) was made by cycli zation of benzothiazol-2-
ylhydrazine with carbon disulphide; 13 subsequent alkylation with methyl iodide14 
or ch loroacetamide gave the thioethers (9a) and (9b), respectively. 
Table 1. Activities as amplifiers of phleomycin 
Measu1ed a t 8 mM a nd/or 2 mM ; for definitions of activi ty a nd adjusted activity 
(A , 0 ) see ref. 4 
Com- Activ- A,0 at Com- Activ- A , 0 a t 
pound ity" 8 mM 2 mM pound ity" 8 mM 2 mM 
(la) + 5 < I (4g) +++ 120 5 
(I b) + 5 5 (4h) + 5 < I 
(Jc) + < I < I (4i ) ++ 70 3 
(2a) 0 ++ 13 < I (4j) ++ 75 55 
(2b) +++ 150 80 (4k) +++ 275 85 
(3) + < I < 1 (5) + <l < I 
(4a) 0 ++++ 520 230 (6a) ++ 54 9 
(4b) + < I I (6b) ++ 83 5 
(4c) 0 +++ 265 35 (6c) +++ 100 100 
(4d) 0 +++ 245 18 (8) C C C 
(4e) + C < I (9a) ++ C 11 
(4f) 0 + JO < l (9b) + + - C 30 
" Ba ed on 8 mM so lutions where possible. 0 Toxicity (LD 5 0 , mg/kg) by oral 
administration to mice: (2a), 1500 ; (4a), 150 ; (4c) , > 2000 ; (4d), > 5000 ; (4f), 600. 
c Too inso luble for meas urement. 
Biological Activities 
The activity of each compound, as an amplifier of phleomycin against a n in vitro 
cul ture of £ . coli, was measured as de cri bed previously.4 It is evident (Table 1) 
10 Potts, K . T ., Burton, H . R ., and Roy, S. K ., J. Org. Chem. , 1966, 31, 265. 
1 1 Si ra kawa , K ., Yakuga/w Zasshi, 1960, 80, 1542. 
12 Brown, D . J ., a nd Nagamat u, T ., Aust. J. Chem., 1977, 30, 25 15. 
1 3 Bower, J . D ., a nd Doyle, . P., J . Chem. Soc., 1957, 727. 
14 Reynolds, G . A ., a nd VanA lla n, J . A ., J. Org. Chem., 1959, 24, 1478. 
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that only the five triazolo[4,3-a]pyridines (2b), (4a), (4c), (4d) and (4g) warranted 
erious con ideration along with two triazolopyrimidines (4k) and (6c); other 
members (4i), (4j) and (6a-c) of the latter series, as well as the triazolobenzothiazoles 
(9a) and (9b), reached only modest activitie , while most other compounds were 
but slightly active. Of the seven satisfactorily active amplifier hown above, the 
imple methylthio derivative (4a) proved too toxic ( ee Table I , footnote 8) for further 
tudy; moreover, its oxidation product and potential metabolite (4f) was al o fairly 
toxic. However, both the amide (4c) and (4d) had very low toxicities, combined 
with good aqueou solubilities; the remaining compounds (2b), (4g), (4k) and (6c) 
appeared to offer no advantage over either. Accordingly, the simpler amide (4c), 
in its labelled form, was administered to mice to see if it would reach the urine 
unchanged or as an active metabolite (a prerequisite for u e with phleomycin against 
urinary tract infections). After 12 h, 84 · 0 % of the radioactivity had appeared in 
the urine ; after 48 b, 87 · 4 % had appeared. A chromatographic analysis showed 
that the recovered material consisted of unchanged substrate (4c), 77 % ; the slightly 
active carboxylic acid (4b), 17 ·8 % ; the highly active sulfoxide (4g), 3·7 % ; and 
other unidentified minor metabolites, I· 5 %- Thus the urine contained approximately 
O · 874 x (77 + 3 · 7) % = 70 · 5 % of the amplifying activity originally administered , 
the be t result so far obtained with any amplifier. It is interesting to note that the 
metabolite (4g) is the first example of a sulfoxide with appreciable activity. 
E 
" 0. 
r.l'l 106 
<i 
V 
" :::c 5 105 Fig. 1 
10-~ 
Amplifier ( mol ,-i) 
E 
30 60 
Time (min) 
90 120 
Fig. J. Viable cell counts 2 h after pretreatment with phleomycin (2 µg /ml) , filtration and 
resuspension in increa ing concentrations of amplifier : A, (4a) ; 8 , (4c) ; C, (4d) ; D, (2b). 
Fig. 2. Viable cell count against time after treatment with phleomycin (2 µg/ml), filtration and 
resuspension in 8 mM amplifier: A, (4a) ; B, (4c) ; C, (4d) ; D, (2b). Curve£ is a control without 
amplifier. 
The phenomenon, recently observed7 for the first time, of a decrea ing amplifying 
activity beyond an optimal concentration, was confirmed by two example in the 
doe- re ponse curves (Fig. 1). Thus the amplifiers (4a) and (4c) reached such optimal 
concentrations at about 5 and 17 mM , respectively; in contrast, the homologue (4d) 
reached its limiting solubility before such an optimal concentration could be reached . 
It is now clear that the considerable variations, observed in the activity difference 
between 2 and 8 mM solutions of each amplifier, have arisen from variations in the 
shape of their respective dose- re ponse curves in that range: for example, amplifier 
(4a) showed only a twofold difference over that range wherea its derivative (4d) 
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howed a 14-fold difference (see Table J and Fig. !). It i noteworthy that plots of 
viable cell count against time in the present series (Fig. 2) differed in shape from those 2 
for typical purine amplifier . Thus, after pretreatment of cells with phleomycin in 
the usual way, addi ti on of typical tri azolopyridines caused an initially rapid fall off 
in viable cell count in th e firs t 30 min followed by a relatively steady decrease for 
the next I 00- 150 min ; typical purines showed an initial induction period of c. 20 min , 
followed by a rapid fa ll off to reach a plateau well before 120 min from the start. 
The reasons for these differences are unknown, but they could be important in devising 
regimes for in vivo te ting. 
Experimenta l 
Analyses were done in the Australian ational University Analytical Services Unit. Melting 
points were uncorrected. In frared spectra (in cm - ') were recorded from ujol mulls on a Unicam 
SP 1050 instrument. N .m.r. pectra (chemical shifts in o; J values in Hz) were measured in (C D 3),SO 
at 60 MHz a nd 35° on a Va rian T60 A instrument with Me4 Si as internal standard. The following 
compounds were prepa red by the literature procedures indicated and each had an m.p. and/or 
ot her criteria clo ely imilar to tho e recorded: s-triazolo[4,3-a]pyridin-3(2H )-one (la) ;8 s-triazolo-
[4,3-a)pyridine-3(2 H )-thione ;8 J-methyl-s-triazolo[4 ,3-a]pyridinium-3-olate (2a) ;9 1-methyl-s-t ri-
azolo[4,3-a]pyridinium-3-thiolate (2b) ;9 3-methylthio-s-triazolo[4,3-a)pyridine ( 4a) ; 10 s-triazolo-
[3 ,4-b]benzothiazo le-3(2H )-thione (8);' 3 and 3-methylthio-s- triazo lo[3 ,4-b]benzothiazole (9a).'" 
The details of our method for in virro evaluation of compound as a mplifiers of phleomycin against 
£ . coli have been reported .4 
J-Carba111oyl111erlty /rllio-l-111erlty l-s-rria~o lo[4,3-a]pyridi11i11111 Chloride (3) 
The zwi tterio nic sa lt (2b) (1 -65 g) , chloroacetamide (1 -03 g) and butan-1-ol (50 ml) were hea ted 
under reflu x for 15 min . hilling gave the py ridi11i11111 cltloride (74 %), m .p. 186- 187° (from butan- l-ol) 
(Found: C , 42 · 1; H , 4 ·3; N, 21 ·6. C 9 H 11 CI . OSrequiresC, 41- 8; H , 4·3 ; , 21 · 7 %). l'mox 
1685(CO). N.m.r.4 ·08,s, H 2 ; 4·33,s, Me; 7·6- 9 · 1, m, H 5-8. 
2-(s-Triazolo[4,3-a]py ridin-3' -y/rltio)ace1ic Acid (4b) 
The thione (lb) (l ·5 1 g), sodium hydrogen carbona te ( l ·68 g), chloroacetic acid (0 ·95 g) a nd 
water (30 ml) were hea ted unde r reflux for 30 min . The cooled so lution was acidified with J M 
hydrochloric acid a nd prolonged refrigeration gave the (1riazo lopyridi11y/rltio)aceric acid (80 %), 
m .p. 199- 200 (from wa ter) ( Found : C , 45 -8; H,3-5; , 20·1. C 8 H 7 3 0 2 S requires , 45 ·9; 
H,3 ·4 ; , 20 · 1%). ,,,,,., 1740( 0). N.m.r.3·92,s, H 2 ; 6 ·9- 8·6,m, H 5'-8' . 
2-(s-Triazolo[4,3-a]py ridin-3' -y /rltio)acera111ide (4c) and Analogues 
The thio ne ( l b) ( 1 -5 1 g) , sodium hydrogen carbona te (0 ·84 g), 2-chloroacetamide (0 ·94 g) 
and water (50 1111 ) were bo iled under reflux for 15 min . Refrigera tion gave the rriazolopyridiny /rltio-
acera111ide (84 %), m.p. 194- 196° (from water) (Found : , 46 · 2 ; H, 4 ·0 ; N , 26 ·9. C 8 H8 ,O 
requires , 46 · 2 ; H , 3 -9 ; ,26·9 %). ,,,,,., J680(CO) .. 111.r. 3 · 5,s,CH 2 ; 7 ·0-8 ·8, m, H 5'-8'. 
Similar a lkyla ti o ns with 2-bro111opropiona 111ide 15 (I · 55 g) o r 2-bro1110111alondiamide 16 (l · 85 g) 
gave, respectively, 2-(s-lriazolo[4,3-a]py ridi11-J' -y /rltio)propio11a111ide (4d) (87 %), 111 .p. 175- l 76° 
(Found: , 48·8; H, 4 ·5; N , 25·4. C 9 H , 0 . OS requires , 48-6 ; H , 4 · 5 ; , 25·2 %) ; ''"'" 
1695 (CO) (n.m .r. 1 -45, d , J 6, Me ; 4 ·03 , q , J 6, S H ; 7 -0-8 ·8, 111 , H 5'- 8'); a nd 2-(s-1riazolo-
[4 ,3-a]pyridi11-J'-y/rltio)111alo11dia111ide (4e) (92°-~), 111 .p. 209-2 10' (from aqueou methanol) (Found : 
C , 4 1 · 9 ; H , 3-9; , 26 · 5. 9 H9 50 2 S,0 -5H, O requires , 41 -5; H , 3·9; , 26·9 %); ''"'"' 
1685( O)(n .m.r. 4 -57,s, S H ; 6 ·9- 8 ·6, m, H 5'-8' ). 
15 Bischoff, ., Ber . Drsc/1. Clte111. Ges., 1897, 30, 23 10. 
16 Backe , J . V., West, R. W., and Whiteley, M . A., J . Clte111. oc., 192 1, 359. 
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2-(s-Triazolo[4,3-a]pyridi11-3' -ylthio )ace/amide[]-' 4 C] 
2-Iodoacetamide[l-' 4 C ] (250 µCi*) was transferred to a centrifuge tube with the a id of methylene 
chloride which was subsequently removed by a stream of nitrogen. The thione (I b) (181 mg), 
sodium hydrogen carbonate (126 mg), wa ter (l · 5 ml) a nd ethano l (0 ·2 ml) were added to the residue 
and the resulting solut ion was heated at 90° for 60 min. 2-Chloroacetamide (122 mg) and water 
(O · 5 ml) were added and heating was continued for 90 min. Refrigeration gave a solid from which 
the supernatant was removed by centrifugation and decantation. Three recrysta lliza tions from water 
(I. 5 ml) in the same tube gave the labelled produc/ (64 %) at constant specific acti vity (I · 02 11 i/mg). 
3-Me1hyls11/fonyl-s-1riazolo[4,3-a]pyridi11e (4f) 
Potassium permanganate (3 · 16 g) was added during 10 min to a stirred solution of the thioether 
(4a) (1 -65 g) in l M acetic acid (! 00 ml) at 20-25°. After sti rri ng for a further 20 min, the solution 
was decolorized with sulfur dioxide. Concentration of the filtered solution and subsequent refrigera-
tion gave the su/fone (61 %), m.p. 160-161° (from water) (Found: C, 42 ·2; H , 3 ·4 ; N, 20 -9. 
G,H 7 3O, S requires C,42·6; H,3·6; N,21 ·3 %). Vmax 1160 (SO 2), 1345 (SO 2). .m.r. 3·70, 
s, Me; 7-0-8 ·2, m, H5-8. 
2-(s -Triazolo[4-3,a]pyridin-3'-y /sulfiny / )acetamide (4g) 
The triazolopyridinylthioacetamide (4c) (I · 12 g), m-chloroperoxybenzoic acid (81 % ; O · 86 g) 
and chloroform (200 ml) were stirred at 25° for 6 h and then under reflux on the steam bath for l h. 
The chilled solution deposited the su/foxide (72 %), m.p. 183- 184° (from water) (Found : C, 42 ·9; 
H , 3·4 ; , 24 ·6. C8 H 8 N 4 O 2S requires C, 42 ·9; H , 3 · 6; N , 25-0 %). Vmax 1055 (SO), 1680 (CO) . 
. m.r. 4-48, 4 · 66, qAB, J0 ,m 12, CH,; 7 · 1-8·2, m, H 5'-8'. 
2-(s-Triazo/o[4,3-a]pyridin-3' -ylsulfony/)acetamide ( 4h) 
A stirred solution of the triazolopyridinylthioacetamide (4c) (I -12 g) in I M acetic acid was 
maintained a t 0° while potassium permanganate (I· 58 g) was added during 20 min. After stirring 
for a further 30 min, the mixture was worked up as for the ana logue (4f) above to give the sulfonyl-
acetamide (68 %), m.p. 210- 21 l O (Found : C, 40 · 1; H , 3 · 5 ; N ,23-2. C8 H8 4 O3SrequiresC, 40 -0 ; 
H, 3 ·4 ; N, 23 ·3 %). vma, 11 45 (SO,), 1150 (SO 2) , 1345 (SO 2), 1670 (CO). .m.r. 4 ·65, s, C H 2 ; 
7 -2-8 -3, m, H S'-8'. 
s-Triazolo[4 ,3-a]pyrimidine-3(2H )-thione (I c) 
Pyrimidin-2-ylhydrazine17 (4 g) and carbon disulfide (6 ml) were added to a solution of sodium 
hydroxide ( l · 5 g) in ethanol (32 ml) a nd water (8 ml). After heating under reflux on the steam bath 
for 2 h, chilling gave sodium 2-(pyrimidin-2' -y l )hydrazinodithioformate (7a) (72 %), m.p. 230° (dee.) 
(frommethanol-ether)(Found : C, 24·2 ; H,3 ·8; N , 22 ·7. C 5 H 5 4 aS 2,2H 2 OrequiresC,24-6; 
H , 3 -7 ; , 22 ·9 %). .m.r. 6-77, t, J 5, H S'; 8 -35, d, J 5, H4' ,6'; 8 ·73, br,s, H ; 9 · 63 , br, s, NH . 
The above sodium salt (3 g) and ethanol (90 ml) were heated under reflux on the steam bath for l h . 
Concentration and refrigeration gave the sodium salt of the thione (Jc) (68 %), m.p. 322- 324° (dee.) 
(from ethanol) (Found: C, 28·7 ; H , 3·3 ; , 26-8 ; S, 15 -5. C 5 H 3 4 NaS,2H 2O requires C, 28 -6 ; 
H , 3 ·4 ; N, 26 -7; S, 15 · 3 %). .m.r. 6-78, q, J 7, J 4, H 6; 8 ·40, m, H 5,7. An aqueous solution of 
this sa lt was acidified with acetic acid. The resu lting thione (l e) (90 %) had m.p. 234° (dee.) (lit. 17 
242°). N.m.r. 7 -10, q, J 7, J 4, H 6 ; 8 · 70, m, H 5,7. 
3-Metlzy/t/,io-s-triazolo[4,3-a]pyrimidine (4i) and Analogues 
The sodium sa lt of thione (Jc) (2 g), methyl iodide (8 g) and methanol (30 ml) were shaken for J h 
at 25- 28°. The residue from evaporation recrystallized from ethanol to give the 111e1hyltlziotriazolo-
pyri111idine (78 %), m.p. 156-158° (Found: , 43 · 5 ; H , 3 · 5; N, 33 · 5; S, 19 · 5. C6 H6 N4 S requi res 
C,43·4; H ,3·6; ,33·7; S, 19 ·3 %). N.m.r.2·63,s, Me ; 7 · !8, q,J7, J4, H 6; 8·83, m, H5,7. 
• 1 Ci = 3 ·7 X 1010 Bq. 
17 Sirakawa, K., Ban, S., a nd Yoneda, M., Yakugaku Zasshi, 1953, 73,598. 
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Similar alkyla tions wi th 2-chloroacetamide or 2-bromopropionamide gave 2-(s-triazo/o[4,3-a]-
pyrimidin-3' -ylthio)acetamide (4j), m.p. 209- 211 (from aqueous ethanol) (Found : C, 40-3 ; H , 3 ·4; 
N, 33-6; S, 15 ·3. C7 H 7 N 5 OS req uires C, 40 -2 ; H, 3 ·4 ; N, 33 · 5 ; S, 15·3 %) (n.m.r. 3 ·73, s, 
CH 2; 7 ·20, q, J 7, J4, H 6'; 7 · 53, br,s, NH2; 8·77,q, J4, J 2, H7'; 8 ·90, q, J 7, J 2, H 5') ; and 
2-(s-triazolo[4,3-a]pyrimidin-3' -ylthio)propionamide (4k) (95 %), m.p. 196--198° (from ethanol) (Found: 
C,42 · 8 ; H , 4·3 ; N,31 · 1; S, 14 · 1. C8 H 9 5 OS req uires C, 43 ·1 ; H , 4 · 1; ,31 ·4 ; S, 14 · 3 %) 
(n.m.r.1 ·40, d, 1 7, Me ; 3 -97, q, 1 7, SCH; 7 ·23, q, J7, J 4, H 6'; 7 ·53 , br,s, NH2; 8 ·85, m, 
H 5',7'), respectively. 
s-Triazolo[J ,5-a]pyrimidine-2(J H )-thione (5) 
The sodium sa lt of the triazolo[4,3-a]pyrimid inethione (Jc) (I g) and water (40 ml) were boiled 
under reflux for 2 h. The residue from evaporation recrystalli zed from ethanol to give the sodium 
salt of thione (5) (80 %), m.p. 307- 310° (dee.) (Found : C, 28 ·2 ; H , 3 ·5 ; , 26 -8 ; S, 15 · 3. 
C 5 H 3 N 4 aS,2H2O requires , 28 ·6 ; H , 3 ·4 ; N,26 ·7 ; S, 15 ·3 %) . . m.r. 6 -85, q, 17, 14, H 6; 
8·35,q,14, J 2, H 5; 8 ·77, q, J7, J 2, H 7. 
On acidification of an aqueous solution, this sa lt gave the free thione (5) (80 %), m.p. 236° 
(dee.) (li t. 17 245°). N .m.r. 7 ·43 , q, J 7, J 4, H 6 ; 8- 77, q, J 4, J 2, H 5; 9 -17, q, J 7, J 2, H 7. 
2-Methylthio-s-triazolo[l ,5-a]pyrimidine (6a) 
The sodium salt of the thione (Jc) (2 g), ethanol (40 ml) and methyl iodide (8 g) were heated 
under reflux on the steam bath for I h. Concentration in a vacuum and subsequent chilling gave the 
methylthiorriazolo[J ,5-aJpyri111idine (76 %), m.p. 147- 149 (from ethanol) (Found : C, 43 ·6 ; H , 3-9 ; 
, 33 ·8 ; S, 19·3. 6 H 6 .s requires C, 43 ·4 ; H , 3 -6 ; N, 33 ·7 ; S, 19 ·3 %). .m.r. 2 -67, s, Me ; 
7 · 30, q, J7,J4, H6 ; 8· 82,q,J4, J2, H 5 ; 9 -28, q, J7, J2,H7. 
2-(s-Triazolo[J ,5-a]pyrimidin-2' -ylthio )acetamide (6b) 
(i) The triazolo[4,3-a]pyrimidinylthioacetamide (4j) (2 g) was heated under reflux in glacial 
acetic acid (40 ml) for 5 h. Evaporation and recrystallization of the residue from ethanol gave the 
triazolo[l ,5-a]pyrimidiny/tl, ioacetamide (60 %), m.p. 197- 199° (Found : C, 40 ·3 ; H , 3 -6 ; , 33 ·5 ; 
S, 15 · 3. C 7 H 7 5OS req uires C, 40·2 ; H , 3 -4 ; , 33 · 5 ; S, 15 · 3 %). N .m.r. 4·02, s, CH 2; 7 -30, 
q, J1,J4, H 6'; 7 -65, br,s, H2; 8 ·82, q, J 4, J2, H 5'; 9·27, q, J7, J2, H 7' . 
(ii) Sodium 2-(pyrimidin-2' -yl)hydrazinodithioformate (7a) (see above) (6 g), 2-chloroacetamide 
(5-4 g) and etha nol (JOO ml) were heated under reflux on the team ba th for 4 h. Refrigeration gave 
carbamoy/methy / [J(or 2)-carbamoylmethyl-2-(pyrimidin-2'-yl)hydrazino]dirhioformate (7b) (47 %), 
m.p. 194-195° (dee.) (from ethanol) (Found : C, 33 ·9 ; H , 4 ·5 ; , 26·3. C9 H , 2 oO 2S2,H 2O 
requiresC,33 ·9 ; H , 4 ·4 ; N , 26 ·4 %) .. m.r. 3 -60, s, C H ,; 3 -75,s,SCH2; 6 · 87, t, J 5, H 5'; 
8 · 43, d, J 5, H 4',6'. This compound (I · 5 g) was boi led under reflux in dimethylformamide (40 ml) 
for 19 h. Evaporation and recrystallization of the re idue from ethanol gave the same product 
(5 I %) as in (i). 
2-(s-Triazo/o[J ,5-a]pyrimidin-2' -y lthio )propionamide (6c) 
The sodium sa lt of ( le) (2 g), 2-bromopropionamide ( 1 · 8 g) and 95 % ethanol (50 ml) were hea ted 
under reflux for 2 h. oncentra tion gave the triazolo[J,5-a]pyri111idiny /1hiopropio11amide (79 %), 
m.p. 147- 149° (from ethanol) (Found : C, 43 ·0; H , 4 - 1; , 31 · 6 ; S, 14 -4. C8 H9 ,OS requires 
C, 43 · 1; H , 4· 1; N, 3 1·4 ; S, 14 · 3 %) .. m.r. 1 · 58, d, 17, Me ; 4 · 57, q, J7, S H ; 7 ·32, q, 
J7, J4, H 6'; 7 · 72, br, , H 2; 8 -82, q, J4, J 2, H 5'; 9 ·28, q, J 7, J 2, H 7' . 
2-(s- Triazolo[J ,4-b]benzothioazo/-3' -ylthio )acetamide (9b) 
The thione (8)' 3 (875 mg) , odium hydrogen carbonate (425 mg), 2-chloroacetamide (470 mg) 
and wa ter (30 ml) were hea ted on the steam bath for 30 min . hill ing gave the triazo/obe11zothiazol-
y /1hioacetamide (94 %), m.p. 196- 197° (from water) (Found : ,45 ·7 ; H ,3 ·0 ; N, 21 ·2. 
, 0 H 8 N 4 OS2 require , 45 · 5 ; H , 3 · I ; N, 21 · I %). ""'"' 1680 (CO). N .m.r. 4 · 17, s, C H2; 
7 · 5- 8 ·4, m, H 6'-9'. 
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Merabolism of 2-(s-Triazolo[4,3-a]pyridin-3' -ylrhio )acetamide[I- 14C) 
The labelled material (50 mg ; 0 · 34 µCi /mg) was dissolved in water and made up to 1 · 60 ml. This 
solution (0 · 2 ml) was administered orally to each of 8 mice. The urine, collected from Oto J 2, 24, 36, 
and 48 h contained, respectively, 84 · 0, 87 -0, 87 · 25, and 87 -4 % of the original radioactivity ; an 
ethanolic extract of the faeces contained only 0 · 2 % extra . 
A portion of the urine was submitted to chromatography on Whatman No. 4 paper with 
butan-1-ol- 5 M acetic acid (7 : 3 v/v). The major zones were identified initially by R.-comparison 
with authentic materials. Subsequent confirmation was obtained by evaporating an ethanolic 
eluate of each zone to give a radioactive residue which was mixed with a moderate excess of the 
corresponding synthetic material and then recrystallized (water) to constant specific activity . 
Assays of the material in each zone of a second chromatogram were performed by liquid 
scintillation (14C) : after elution, aqueous labelled samples (I -0 ml) were measured in a scintillant 
solution (10 ml) consisting of diphenyloxazole (0 · 5 %) in xylene+ 'Ti ton x-100' (2 : I , v/v) , a Beckman 
LS-100 instrument being used. 
Thus the radioactive material in the urine consisted of (i) unchanged material (4c), R . 0 -55, 
77 -0 %; (ii) the carboxylic acid (4b), R . 0 -64, 17-8 % ; (iii) the sulfoxide (4g) , RF 0-46, 3 -7 % ; 
and two minor unidentified metabolites (RF 0 -16, c. I %) and (R r- 0 -12, c. 0 -5 %), neither of which 
was the sulfone (4h) or the triazolopyridone (la) . 
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s-Triazolo[l,5-c]pyrimidines 
via Their [4,3-c] Isomers 
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Abstract 
Aust. J . Chem., 1978, 31, 2505- 15 
Pyrimidin-4-yl hydrazines and simple orthoesters are used in combination (1) to give -ethoxyalkyl-
idene-N '-pyrimidinyl hydrazines (2) and thence s-triazolo[4,3-c]pyrimidine (3a) and its 3-, 5-, 7- or 
8-a lkylated derivatives (3b- s). In glacial acetic acid, these undergo rearrangement into the correspond-
ing s-triazolo[l ,5-c]pyrimidines (5) via the acylaminoalkenyltriazoles (4) ; in aqueous buffers, these 
reactions stop at the triazo les (4) except in the presence of a 7-methyl group which stimula tes com-
pletion of the sequence. The ring-fiss ion step , (3)-+ (4), is retarded markedly by 5- and/or 8-methyl 
group but accelerated slightly by 3- and/or 7-alkyl groups; the slower ring-fission of triazolo[ l ,5-c]-
pyrimidines (5) to the same triazo les (4) is retarded by 2-, 5- or 8-alkylation and precluded totally 
by a 7-methyl group. The recorded u.v. and n.m.r. spectra afford a ready means of distinguishing 
between the sy terns (3)- (5) . 
Introduction 
s-Triazo lo[4,3-c]pyrimidines (3) were made fir tt in 1956 and the conversion of 
such compounds into their [1 ,5-c] isomers (5) was used extensively from 1961 by 
F . L. Rose and hi s co lleagues. 2- 4 everthele , apart from one methylphenyltriazolo-
[4,3-c]pyrimidine5 and the parent triazolo[l ,5-c]pyrimidine (Sa), 6 no derivative with-
out at least one functiona l substituent has been reported to date in either series; nor 
has any fund amenta l study of the above Dimroth-like rearrangement been undertaken . 
In the pre ent paper we record the preparation of s-triazolo[4,3-c]pyrimidi ne (3a) 
a nd a number of its C-a lkyl derivatives ; rates for their isomerization under standard-
ized mildly acidic condition into the corresponding s-triazolo[ 1,5-c]pyrimidines (5); 
some o bservation on ra te of ring-fission a t a range of pH val ues in both series to 
give the triazoles (4); and thermal recyclization of uch triazole to yield exclusively 
s-triazo lo[l ,5-c]pyrimidines (5). The re ults a re compared with our recent findings 7 
in the rela ted [4 ,3-a] and [1 ,5-a] sy terns. 
* Par t III, Aust. J. Chem., 1977, 30, 2515. 
1 Shiho, D., Tagami , S., Takahayashi , N ., and Honda, R., Yakugaku Zasshi, 1956, 76, 804. 
2 Miller, G . W., and Roe, F. L., Br. Pa t. 859,287 (1961) (Chem. Abstr., 1961 , 55, 17665). 
3 Miller, G . W., and Rose, F. L. , J . Chem. Soc., 1963, 5642. 
4 Miller, G . W., and Rose, F. L., J. Chem. Soc., 1965, 3357 ; Broadben t, W., Miller, G . W., and 
Rose, F. L., J. Chem. Soc., 1965, 3369. 
5 Bower, J . D ., and Doyle, F . P., J . Chem. Soc., 1957, 727. 
6 Jenko, B., Stanovnik, B., and Ti~ler, M., Synthesis, 1976, 833. 
7 Brown, D . J., and Nagamatsu, T ., Aust. J. Chem., 1977, 30, 2515. 
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Preparations 
Pyrimidin-4-ylhydrazine reacted with triethyl orthoformate to give a separable 
mixture in whjch the intermediate (2a), the parent s-triazolo[4,3-c] pyrimidine (3a), 
or its known6 rearranged [ I ,5-c] isomer (Sa) predominated acco rding to the severity 
of conditions used. Appropriately alkylated starting materials, pairs (1 b- s), behaved 
in a broadly similar way to furnish the triazolo[4,3-c]pyrimidines (3b-s) and thence 
the [1 ,5-c] isomers (Sb-s); only the intermediates (2e) and (2f) were isolated and 
characterized, but others were detected by t.l.c. of appropriate reaction mixtures. 
In fact , N-(1-ethoxypropylidene)-N '-(pyrimidin-4-yl)hydrazine (2f) was separated by 
fractional recrystallization into two geometric isomer , probably by virtue of one 
forming a monohydrate wh ich was stable during the process but capable of subse-
quent dehydration . These isomers were assigned tentatively the Z and £ structures 
(6) and (7) on the basis of their n.m.r. spectra wh ich were virtually identical apart 
from a marked down field shift (0 · 13 ppm) suffered by the H 5 in the former on account 
of the adjacent ethoxy group. Such a difference between geometric isomers could not 
occur in other conformations, e.g. (2f). 
EtO Et Et OE1 
~N ~ \I ~ \/ l n N C IIOHCIH ~ l ~ ,.,N N.....-
'= I H H 
(6) (7) (8) 
The triazolo[l ,5-c]pyrimidines (Sa- d), (Sg- k) and (Sm-s) were best prepa red by 
isomerization of their respective [4,3-c] isomers in hot acetic acid. The homologue 
(Se), (Sf) and (51) were made more conveniently by the direct route from pairs (le), 
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(If) and ( 11) respectively. In addition , compound (Sa), (Se) a nd (S f ) were made from 
the respective intermedia tes (2a), (2e) a nd (2f) either by fu sion or by boil ing in glacia l 
acetic acid . 
The tri azo les (4a), (4b), (4e), (4f) and (4i) were prepared by prolonged boiling in 
aqueous solution of the corresponding bicyclic compounds (3a) or (Sa), (3 b) o r (Sb), 
(3e) or (Se), (3f ) or (Sf), and (3 i) or (Si). The recyclizati on of these triazoles was 
exemplified in the conversions (4a) --+ (Sa) and (4f) --+ (Sf), either by fu sion or by 
boiling in acetic acid . 
Table J . Ultraviolet spectra 
At pH 7 ·0 except where stated. Shoulders and inflexions in italics,), in nm 
Cpd Amax (loge) Cpd Amax (loge) 
Triazolo pyrimidines Triazolopyrimidines (cont inued ) 
(3a) 269 (3 · 63), 258 (3 · 77), 249 (3 · 79), 241 (3 · 70) (3n) 281 (3·69), 263 (3 ·93), 256 (3·96), 245 (3 ·84) 
(Ja)A 276 (3· 57), 262 (3 ·68), 252 (3 ·73), 245 (3 ·68) (5n)8 274 (3 ·8 1), 258 (3·95) 
(5a)A 254 (3· 71), 256 (3 ·68) (Jo) 280 (3 ·49), 266 (3 · 80), 257 (3 · 89), 249 (3 · 84) 
(3b) 276 (3 · 56), 259 (3 · 73), 250 (3 · 78), 242 (3 · 70) (5o) 257 (3 · 82) 
(5b) 257 (3 ·92) (3p) 278 (3 ·64), 264 (3 ·79), 257 (3 · 83), 248 (3 ·75) 
(Jc) 259 (3 · 76), 252 (3·8 1), 244 (3· 74) (5p) 257 (3 · 87) 
(5c) 254 (3 ·73) (3q) 287 (3 · 40), 264 (3 · 73), 256 (3 · 8 I), 248 (3 · 75) 
(3d) 275 (3 · 59), 259 (3 · 78), 250 (3 · 83), 243 (3 · 76) (5q) 260 (3 ·85) 
(5d)8 256 (3 ·83) (J r) 284 (3 · 62), 266 (3 · 88), 259 (3 · 93), 250 (3 · 83) 
(3e) 283 (3 · 37), 26 1 (3·62), 252 (3· 74), 243 (3·69) 
(5e) 256 (3 ·72) (5r) 260 (3 ·89) 
(3f) 275 (3 ·4 1), 262 (3 .67), 252 (3 · 76), 244 (3·7 1) (3s) 285(3 ·64), 267 (3 ·90), 259 (3·95), 251 (3·87) 
(5f) 256 (3· 71 ) (5s) 260 (3 ·9 1) 
(Jg) 277 (3 · 55), 261 (3 · 82), 253 (3 · 87), 245 (3 · 79) 
(5g)" 256 (3 · 89) Pyrimidines 
(3b) 276 (3 · 73), 26 1 (3 · 86), 253 (3 · 88), 244 (3 · 78) (2a) 265 (3 ·72) 
(5h)8 269 (3 · 80), 256 (3 · 92) (2e) 266 (3 ·75) 
()i) 277 (3·5 1), 264 (3 ·70), 255 (3 · 78), 247 (3 · 74) (6) 267 (4 ·04) 
(5i) 256 (3 · 77) (7) 27 1 (4 · 16) 
(Jj) 278 (3 · 58), 26 1 (3 · 85), 254 (3 · 89), 245 (3 · 80) 
(5j)8 259 (3 ·86) Triazoles 
(3k) 278 (3· 45), 263 (3·79), 254 (3·88), 246 (3 · 81) (4a) 266 (4 · 30) 
(5k) 256 (3 · 75) (4b) 267 (4 ·31 ) 
(31) 263 (3 · 77), 255 (3 · 85), 246 (3 · 79) (4e) 266 (4 ·31 ) 
(51) 256 (3 ·73) (4f) 266 (4 ·30) 
(3m) 28 1 (3 · 55), 262 (3 · 75), 253 (3 · 82), 245 (3 · 76) (4i) 267 (4 · 34) 
(5m) 257 (3 · 78) 
A Ln dioxan. 
" Approximate pK, va lues (spectrometric: I ·7 x 10 -4 M : anal. 1- in pa rentheses): (5d), 0 ·4 (245 nm); (5g), 1 · 3 (250 nm); 
(5h), 0 ·6 (290 nm); (5j) , 0 · 8 (255 nm); (5n), I · 4 (295 nm). 
The p roduct (2)- (5) proved to be ea il y distingui sha ble by their u.v. spectra in 
aqueo us buffer o f pH 7 (Ta ble 1) : the pyrimidine (2) and triazo les (4) both exhibited 
a single peak a t 265- 270 nm but the fo rmer a ll had log e values of les tha n 4 · 2 while 
the la tte r had log e 4 · 3 or grea ter ; the triazolo[4,3-c]pyrimidines (3) were characteri zed 
by twin pea ks a t 250- 260 a nd 260- 270 nm, respectively, a lways c. JO nm apa rt and 
u ua lly fl anked by two inflexio n o r houlders; a nd the [ I ,5-c] iso mer (5) showed only 
a single pea k a t 250- 260 nm, occasio na ll y accompanied by o ne minor inflexion. The 
n.m.r. spectra (Ex perimenta l) a lso a ffo rded structura l confi rm ati on. Thus pea ks for 
R 1, R 2 and R 3 fro m a ny triazo lo[4,3-c]pyrimidine (3) u ua lly occurred O · 1- 0 · 5 ppm 
upfield to co rre po ndin g peaks fro m a similarly ub tituted (1 ,5-c] isomer (5), although 
this rela tionship was inva ria bly rever ed in res pect of R4 . An unusually clea r p ara-
coupling (c. I H z) between H 5 a nd H 8 was ev ident in th e pectra of a ll tri azolo-
pyrimidines (3 o r 5 ; R 1 = R 3 = H). 
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Rearrangement and Ring-Fission Rates 
In contrast with the smooth Dimroth-Jike rearrangemnt of s-triazolo[4,3-a]pyrim-
idines into their [l ,5-a] isomers,7 rearrangements from the (4,3-c] to the [I ,5-c] systems, 
(3) -> (5), were complicated by the relative stability of the intermediates (4). Thus, 
although the parent triazolo[4,3-c]pyrimidine (3a) gave its isomer (5a) in boiling 
formic acid , in aqueous buffers (pH 1- 13) the reaction sequence did not proceed 
beyond the intermediate (4a). The first-order ring fission, (3a) -> (4a), bad a minimal 
rate at c. pH 8, increasing sharpl y with acidi ty o r alkalinity (Table 2); at pH 5, the 
rate doubled for every 12- 13° rise in temperature. The rapidity of fission in media 
of low pH precluded measurement of a pK, value for the weakly basic triazolopyrim-
idine (3a). 
Table 2. Rates for ring-fission of the triazolopyrimidines (3a) and (Sa) to 
the triazole (4a) at 25° 
Anal. ), 265 nm ; concentration 8 -33 x 10- s M ; , 1 , 2 va lues in min 
pH ,, , , (3a) t, 12 (Sa) pH , 1, 2 (3a) ,, ,, (5a) 
1-0 A, 0 ,C c. 3 ·08 ·c 8 -0 5040 (I I 500)F 
2 -0 A , 0 11 9-0 455 3130 
3 -0 C. 1-5 23 10 -0 53 350 
4 -0 6 -0 70° 10 -6 22 20 ·5 
5 -0 43 E 535 11 -6 C. 2·0 5 .4 
6 -0 595 5310 12·5 A,0 A , 8 
7 -0 3480 (J 5000)F 
A Too rapid for measurement. 
° Followed by slow decomposition to product(s) wi thout u.v. absorption. 
c Decomposition : , 1, 2 250 min. 
0 22minat40°; ll -7minat50°; c. 3 -0minat75°. 
E 17 ·6 min at 40° ; 10 min at 50°; c. 3 ·0 min at 75°. 
F o spectral change beyond c. 45 %-
At first sight, it appeared meaningless to compare the above rates for fi ssion of the 
triazolo[4,3-c)pyrimidine (3a) with tho e 7 for the complete rearrangement of s-triazolo-
(4,3-a)pyrimidine into its (1 ,5-a) isomer. However, in the la tter reaction it was evident 
that the initi al ring-fission to the intermediate (8) was the rate-determining step because 
of the maintenance of a si ngle set of isosbestic points in u. v. spectral scan throughout. 
Hence it wa legitimate to compare both sets of results. It emerged that both reactions 
were acid- and base-catalysed although the triazolo[4,3-c]pyrimidine (3a) underwent 
hydrolytic fission c. 175 times faster than its (4,3-a) isomer at pH 3 and c. 5 times faster 
at pH 11 . The fact that s-tri azolo(4,3-a)pyrimidine underwent complete rearrangement 
in aqueous buffers whereas its (4,3-c] isomer (3a) did not, was explained by the nature 
of their respective ring-fission products : one (8) was a reactive hydroxymethylene 
compound , ripe for recyclization; the other (4a) was a relatively unreactive amide. 
For the same reason , s-triazolo[l ,5-a)pyrimidine remained unchanged 7 in aqueous 
buffers (pH 1- 13) whereas the (1 ,5-c) isomer (5a) did yield the triazole (4a), although 
it formation was slower than from the (4,3-c) isomer (3a) in comparable media 
(Table 2). 
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Io contrast to its behaviour in aqueou buffer, the triazolo[4,3-c]pyrimidine (3a) 
rearranged completely into it [l ,5-c] isomer in glacial acetic acid (see Experimental). 
When this reaction was followed at 40° by repeated u.v. spectral scans, the initial 
curve ().m,x 269, 258, 249 nm) gradually became a single higher peak CJ.max c. 265 nm) 
representing the triazole intermediate (4a) and then fell more slowly to another si ngle 
peak (J.m,x c. 255 nm) for the rearranged product (5a). The ring fission (3a) --+ (4a) 
had t 112 140 min (calculated from the earlier part of the change when the second 
reaction was very minor) and the recyclization (4a) --+ (5a) had t 112 770 min (best 
calculated from pure intermediate submitted to identical reaction conditions). 
For pragmatic reasons, similar inve tigation of the C-alkylated triazolopyrimidines 
(3b- s) and (5b- s) wa confined to their behaviour (Table 3) in buffer of pH 4 · 0. 
Havi ng followed each reaction spectrometrically, two distinct group emerged. Those 
substrates, (3; R 2 = H) and (5; R 2 = H), without a ?-methyl group all underwent 
only ring-fissio n to the appropriate triazole ( 4; R 2 = H) ; of tho e with a ?-methyl 
group, the triazolo[4,3-c]pyrimidine (3; R 2 = Me) rearranged into their respective 
[1 ,5-c] isomers (5 ; R 2 = Me), which were table at pH 4. In the latter group, u.v. 
spectra l scan throughout each rearrangement had a single set of isosbestic points 
and there was no indication at any stage of the strong absorption associated with an 
intermediate (4) (see Table 1): it followed that the ring-fl ion, (3)--+ (4), must have 
been the rate-determining step in each case. Hence the measured rates (Table 3) in 
both groups simply represented ring-fission of triazolopyrimidines and, as such, were 
directly comparable. We have been unable to offer any explanation of the unique 
effects of the (initially 7-) methyl group in stimulating recyclization of the intermediates 
(4; R 2 = Me) to the triazolo[l ,5-c]pyri nidines (5 ; R 2 = Me) and in completely 
tabilizing the latter toward ring-fission; even the postulation of a completely 
reversible system [(3 ; R 2 = Me)~ (4 ; R 2 = Me) ~ (5 ; R 2 = Me)] did not help. 
The effect of each added C-methyl group on the rate for ring-fission of s-triazolo-
[4,3-c]pyrimidines in pH 4 buffer, varied considerably according to the position: 5-
and 8-methyl group retarded the reaction markedly whereas 3- and ?-methyl groups 
usually had a slight accelerating effect. Thus the 5-methyl derivatives (3b,g,h,i ,n,o,p,r) 
underwent fi ion at an average rate 13 · 2 time slower than their respective 5-demethyl 
homologues ; the 8-methyl derivatives (3d ,h,j ,m,n,p,q,r) , 3 · 4 times slower than their 
8-demethyl homologue ; the 3-methyl derivatives (3e,i,k,m,o,p,q ,r), l ·7 times faster 
than their 3-demethyl homologues ; and the ?-methyl derivatives (3c,g,j ,k,n,o,q,r) , I · 2 
times faster then their 7-demethyl homologues. From the limited data available 
(Table 3), fi ion of s-triazo lo[ l ,5-]pyrimidines (5) at pH 4 was markedly retarded 
(5- 30 times) by 5- or 8-methylation and lightly retarded (c . I · 5 times) by 2-methylation. 
We saw the large retarding effect of 5-methylation on 4,5-fission of system (3) a 
res ulting from reduced nucleophilicity at the 5-position combined with appreciable 
steric hindrance to the approach of the nucleophile ; 8-methylation had a similar (but 
mesomeric) effect on nucleophi licity at C 5 without steric hindrance, so that the overall 
retarding effect was less; and 3- or 7-methylation had little effect on nucleophilicity, 
no steric effect, but ome direct effect on electron-density at 4 re ulting in a small 
positive effect on fis ion rates. Unfortunately, we were unable to mea ure pK, va lues 
for any of the triazo lopyrimidines (3) becau e of too rapid fi ion at the low pH values 
req uired for protonation. In the [1,5-c] sy tern (5), similar arguments applied to 5-
and 8-methylation , no fission occurred with any ?-methylated member (see above), and 
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2-methylation would not be expected to affect 4 appreciably; approximate pK0 
val ues, ranging from 0·4 to I · 4, were obtained for the more stable members of the 
series (Table I, footnote) . 
Table 3. Rates for rearrangement or ring-fission of s-triazolo[4,3-c]pyrimidines and ring-fission of 
s-triazolo[l ,5-c]pyrimidines at pH 4 · 0 and 25° 
Concentration 8 · 33 x l 0- 5 M 
Cpd Prod . l 112 (min) Anal. ). (nm) Cpd Prod . 11 , 2 (min) Anal. }, (nm) 
(3a) (4a) 6-0 265 (5j) A 
(5a) (4a) 70 265 (3k) (5k) 7-0 285 
(3b) (4b) 120 265 (Sk) A 
(Sb) (4b) 1980 265 (31) (51) 5-0 280 
(3c) (Sc) 9 -0 280 (51) A 
(Sc) A (3m) (4m) 18-2 265 
(3d) (4d) 25 265 (Sm) (4m) (240)0 
(Sd) (4d) (330) 8 265 (3n) (Sn) 300 290 
(3e) (4e) 5 .5 265 (Sn) A 
(Se) (4e) JIO 265 (3o) (So) 36 290 
(3f) (4f) 4 .5 265 (So) A 
(Sf) (4f) 120 265 (3p) (4p) 230 265 
(3g) (Sg) 85 285 (Sp) (4p) C 265 
(Sg) A (3q) (Sq) 15 -0 295 
(3 h) (4h) 530 265 (Sq) A 
(Sh) (4h) C 265 (3r) (Sr) 140 290 
(3i) (4i) 58 265 (Sr) A 
(Si) (4i) 2600 265 (3s) (Ss) 120 290 
(3j) (Sj) 18 -0 290 (Ss) A 
A Unchanged . n o change beyond 38 %- c Too slow to measure. 0 No change beyond 23 %-
Experimental 
Analyses were done by the A.N .U. Analytica l Services Unit. Melting points were uncorrected. 
Ionization constants were measured spectrometrically a t 21 ° on < 10- 3 M solutions in hydrochloric 
acid of appropriate H0 .8 Ultraviolet spectra were recorded on a Unicam SP 1800 in trument. 
N .m.r. spectra were measured in (CD 3),SO at 35° and 60 MHz with Me4 Si as an internal standard 
(chemical shifts in 8; J va lues in Hz). T .l.c. [ethyl acetate; alumina (Merck: PSC-Fertigplatten, 
F254, Typ T)] was used to monitor the progress of most reactions. 
Pyrimidi ne substrates were prepared by the indicated methods: pyrimidin-4-ylhydrazine; 9 
2-methyl pyrimidin-4-ylhyd razi ne ; 3 • 10 5-methyl pyrimid i n-4-yl hydrazi ne ; 1 1 6-methyl pyri midi n-4-yl-
hyd razine ; 1 1 • 1 2 2,6-dimethylpyrimidin-4-ylhydrazine;3 5,6-dimethylpyrimidin-4-ylhydrazine ; 1 ' and 
2,5,6-trimethylpyrimidin-4-ylhydrazine. 3 Equimolecular proportions of ethyl sodioformylpropiona te 
and acetarnidine hydrochloride were condensed according to Williams et al., 13 excepting that ethanol 
containing sodium ethoxide (0 · 5 equiv.) was used as solvent with continuous shaking. The resu lting 
2,5-dimethylpyrimidin-4(3 H )-one (30 %; cf. lit. 13 17 %) was converted' 3 into the correspondi ng 
4-chloropyrimidine. This compound (30 g), hydrazine hydrate (30 ml), and water (30 ml) were heated 
on the steam bath for 10 min. The precipitate, plus the residue from concentration , recrystallized 
from ethanol to give 2,5-dimethylpyrimidin-4-ylhydrazine (83 %), m.p. l 98- 200° (Found: C, 52 · 3; 
8 Albert, A., and Serjeant, E. P., 'The Determination of Ioniza tion Constants' ( hapman & Hall : 
London 1971). 
9 Crooks, P. A., and Robinson, B., Can. J. Chem., l 969, 47, 2061. 
10 Miller, G. W., and Rose, F . L. , Br. Pat. 864,731 (1961) (Chem. Abstr., 196 1, 55, 24798). 
11 Vanderhaeghe, H., and Claesen, M., Bull. Soc. Chim. Belg., 1959, 68, 30. 
12 Shiho, D., and Takahayashi, N ., Yakugaku Zasshi, 1955, 75, 773. 
'
3 Williams, R. R ., R uehle, A. E., and Finkelstein , J ., J . Am. Chem. Soc., 1937, 59,526. 
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H , 7 ·3; , 40 · 8. C 6 H 10N. requires C , 52 · 2; H , 7-3; , 40 · 6 %). .m.r. 1 ·92, s, 5-Me; 2 -35, 
s , 2- Me ; 5 ·47, br, NH 2 ; 7 -73, s, H 6. 
The following genera l synthetic procedures (methods A- G ) were used subsequently; details of 
tem peratu res, times, yields, spectra, ana lyses , etc. appear under specific compounds. 
Method A. Direct Route to s-Triazolo[4,3-c]pyrimidines (3) and/or Their [1 ,5-c] Isomers (5) 
A mixture ( I) of a pyrimidin-4-ylhydrazine (2 g) and an orthoester (40 ml) was heated in an open 
fl ask at 70--110° (oil bath) or boiled under reflux for 1- 30 h. Chill ing usually gave the triazolo[4,3-c]-
pyri midine. Evaporation of the fi ltra te and recrystallization of the residue from ether or benzene/light 
petroleum gave more of the above and/or its [1 ,5-c] isomer. If necessa ry, further eparation was 
achieved by fractional recrystallization or chroma tography (a lumina ; methanol/ethyl acetate). The 
[4,3-c] isomer was usually recrystallized finally from fresh orthoe ter. 
Method B. -(/-Ethoxya/kylidene)- '-(pyrimidin-4-yl)hydrazines (2) 
The same mixture (J) as in method A was heated at 75-80° for 1 h . Refrigera tion gave the ethoxy-
a lkylidene compound (2) and concentra tion of the filtrate in a vacuum gave a second crop. 
Method C. s-Triazolo[4,3-c]pyrimidines (3) from Intermediates (2) 
The e thoxyalkylidene intermediate (2) ( I g) and dimethylformamide (20 ml) were stirred at 90° 
for 3 h. Evaporation in a vacuum a nd trituration of the residue with a little ether gave the triazolo-
[4,3-a]pyri midine. 
Method D. s-Triazolo[l ,5-c]pyrimidines (5) from Intermediates (2) 
The intermed ia te (2) (0 -25 g) wa heated wi thout vacuum at 180-190° in a sublimation apparatus 
wirh cold finger . Usually within 5 min cyclization was finished and sublimation of the s-triazolo-
[l ,5-c]pyri midine was completed rapidly by application of a vacuum. Alternatively, the intermediate 
(2) (0 · 5 g) was boiled under reflux in glacial acetic acid (20 ml) for 1 h. Evaporation and re-
crysta lli zation of the re idue from benzene/ light petroleum gave the same product (5). 
Method£. s-Triazolo[/ ,5-c]pyrimidines (5)fro111 Isomers (3) 
The s- triazolo[4,3-c]pyrimidine (3) (1 g) a nd glacial acetic acid or formic acid (I 5 ml) were boiled 
under reflux for 0 · 3- 12 h. Remova l of the volatiles in a vacuum and trituration of the residue with 
ether gave the triazo lo[l ,5-c]pyrimidine, usually recrysta llized from benzene/ light petroleum . 
Method F. -(s-Triazo/-3'-y /alkeny/)acy /amines (4) from the Triazo/opyrimidines (3) or (5) 
The triazolopyrimid ine (3) or (5) (2 g) a nd water (30 ml) were boiled under reflux for 5- 20 h wi th 
t.l.c. monitoring. Evaporation in a vacuum and recrystallization of the resid ue gave the acylamine (4). 
Method G. s-Triazo/o[J ,5-c]pyrimidines (5)from Acy/amines (4) 
The N-(s- triazo l-3 '-yla lkenyl)acylami ne (4) was cyclized, as for the intermediate (2) in method D , 
except tha t JO min fusio n was required ; a lternatively, boiling in acetic acid for J- 2 h (as in method 
E) was equa ll y effective. 
s-Triazolo[4,3-c]pyrimidine (3a) and its [1,5-c] Isomer (5a) 
Pai r (I a) by method A (80° ; 3 h) gave s-triazolo[4,3-c]pyri111idi11e (3a) (41 %), m.p. 165- 167° 
(Found : C,49 · 8; H ,3·5; N,46 · 3. , H 4 4 req uire C,50·0 ; H ,3· 4 ; , 46·6 %) .. m.r.7 · 77, 
q , J 1 . 8 6,J,, 8 1, H 8; 7 -97, d , J 6, H 7 ; 9 ·40,s, H 3; 9 ·47, d , Jl , H 5. Evaporation of thernother 
liquors gave the [1 ,5-c] isomer ( 11 %), described below. 
Pa ir (l a) by method B (80°) gave N-ethoxymethylene- N'-(pyrimidin-4-y/)hydrazine (2a) (62 %), 
m .p. 11 11 6° (fromdie thyl ethe r)(Fou nd : C,50 · 5; H ,6· 1 ; ,34 ·0. 7 H10 ,OrequiresC,50 · 6; 
H ,6· 1; N ,33·7%), N.m.r. 1 -27, t, /7, Me ; 3 ·40, br, NH ; 4 · l7, q , J7, H 2 ; 6·83,q, J , ,6 6, 
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I, H 5 ; 8 · J 3, s, Et OCH ; 8 · 25, d, J 6, H 6; 8 -47, s, br, H 2. This intermediate (2a) by method 
C gave the above triazolo[4,3-c]pyrimidine (3a) in 69 % yield. 
Pair ( la) by method A (90° ; 5 h) gave s-triazolo[ l ,5-c]pyrimidine (Sa) (64 %), m.p. 11 7-119° 
(frombenzene/ethanol)(cf.6 109°)(Found: C,50-2; H ,3-5; ,46·9. Calc.forC5 H. N 4 : C,50 -0 ; 
H ,3 ·4 ; N , 46 ·6%) .. m.r.7 ·90, q, J 7 •8 6, J 5 •8 1, H 8; 8 -30, d, J6, H 7 ; 8·67,s, H 2 ; 9 ·80,d, 
J l , H 5. The same product (Sa) was made (i) from the intermediate (2a) by method D (fusion at 
l 80° : 83 % ; heating in acetic acid : 70 % yield); (ii) by isomerization of the [4,3-c) isomer (3a) 
according to method E (formic acid; 20 min ; 75 % yield); and (iii) by cyclization of the triazole 
(4a), described below, by method G (fusion; 68 %; acetic acid for I h : 80 % yield) . 
Monoalky l-s-lriazolo[4,3-c]pyrimidines and Their [/ ,5-c) Isomers 
Pair ( l b) by method A (reflux; 4 h) gave 5-111e1hyl-s-rriazo/0[4,3-c)pyrimidine (3b) (37 %), m.p. 
214-216° (Found : C, 53 ·9; H, 4 · 6 ; N , 41 ·6. C6 H 6 N 4 requires C, 53 ·7 ; H, 4 · 5; , 41 ·8 %) . 
. m.r. 2 · 83 , s, Me ; 7 · 60, d, J 6, H 8; 7 · 85, d,J 6, H 7 ; 9 · 43 , s, H 3. This compound (3b) by method 
E (5 h) gave 5-melhyl-s-triazolo[l ,5-c]pyrimidine (Sb) (60 %), m.p. 119- 120° (from tol uene) (Found: 
C, 53 -4 ; H, 4-6; , 41 ·8%). N .m.r.2- 90, s, Me ; 7·75,d , / 7, H S; 8·20,d,J7, H 7 ; 8 · 62, s, H 2. 
Pair (le) by method A (I 05° ; 20 h) gave 7-methyl-s-triazolo[4,3-c]py rimidine (3c) (43 %), m.p. 
205- 208° (Found: C, 53 ·8; H, 4 ·7; N, 41 ·7 %). .m.r. 2-47, s, Me ; \7·63, s, br, H S; 9-37, s, 
H 3; 9-43 , d, J
5
,
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I, H 5. This material (3c) by method E (3 h) isomerized to 7-me1hyl-s-1riazolo[l ,5-c)· 
pyrimidine (Sc) (65 %), m.p. 120-122° (from toluene/ethanol) (Found: C, 54 ·0 ; H , 4 · 7 ; N, 41 · 8 %). 
. m.r. 2 -53 , s, Me ; 7 -68, s, br, H 8; 8 · 53 , s, H 2 ; 9 -65, d, / 5 , 8 I , H 5. 
Pair (Id) by method A (72°/1 h) gave 8-111ethyl-s-triazo/0[4,3-c]pyrimidine (3d) (56 %), m.p. 146°, 
separated from a little of the [I ,5-c) isomer (see below) by recrystallization from ethyl acetate (Found : 
C, 53·7; H , 4 · 5; N , 41 ·4. C6 H 6 4 requires C, 53-7 ; H, 4 · 5 ; , 41 ·8%). .m.r. 2 -50, d, JI , 
Me ; 7 -82, s, br, H7 ; 9 -40, s, HS; 9-45 , s, H 3. 
The pair (Id) by method A (90° ; 4 h) gave 8-methy l-s-triazolo[l ,5-c]pyrimidine (5d) (64 %), m.p. 
92- 94° (Found: C, 53 ·8; H , 4 ·8; N , 42 · 2 %). N .m.r. 2 -52, s, br, Me ; 8· 13, d, 11.Mc I ; 8-63, s, 
H2 ; 9-67, s, HS. 
Pair (I e) by method A (90° ; 4 h ; without concentration) gave 3-me1hy l-s-triazo/0[4,3-c]pyrimidine 
(3e) (55 %), m.p. 234- 237° (from dioxan) (Found: C, 53-6 ; H, 4 ·3; N, 42 ·2%). N.m.r. 2 -73, s, 
Me ; 7 -62, q , J 7 •8 6, J 5 , 8 l , H 8; 7 -88,d,J6,H7; 9 -27,d , Jl , H S. Evaporationofthemother 
liquors from the reaction mixture gave the intermediate (2e) (18 %), described below. 
Pair (le) by method B (80°) gave N-(1-ethoxyethylidene)· ' -(pyrimidin-4-yl)hydrazine (2e) (66 %), 
m.p. 145- 147° (from triethyl orthoacetate) (Found : C, 53 · 3; H , 6 · 3 ; , 3 1 · 2. C8 H , 2N.O requires 
C,53 · 3 ; H ,6· 7 ; ,3 1· 1%) . . m.r.1 -27, t, 17,MeofEt ; 2·03,s,Me; 3-37,br,N H ; 4 · 13, 
q, J 7, CH
2
; 6 -83, q, J 5 •6 6, 12 •5 I , H S; 8- 25 , d, J 6, H6 ; 8-50, d, J I , H 2. T his intermediate by 
method C gave the above triazolo[4,3-c]pyrimidine (3e) in 65 % yield . 
Pair (le) by method A (reflux; 30 h) gave 2-melhy l-s-triazolo[ l ,5-c]pyrimidine (Se) (71 %), m.p. 
103- 104° (Found: C,53·8; H, 4 ·6; ,41·9. C6 H 6 N. requires C, 53 ·7; H ,4·5; N,4 1· 8%). 
N .m.r. 2 -50, s, Me ; 7 -70, q, 17 •8 6, / 5 •8 1, H S; 8-20, d, J 6, H 7 ; 9 ·60, d, J I , H S. The sa me 
product was obtained from the intermediate (2e) by method D [fusion at 190° fo r 10 mi n gave 22 % 
(the unsublimed residue furnished the isomer (3e) in 49 % yield); acetic acid gave 50 % yield] . 
Pair (If) by method A (90° ; 8 h) gave a mixture, separable by fractio nal recrysta ll iza tion from 
toluene, of 3-ethyl-s-triazolo[4,3-c)pyrimidine (3f) (54 %), m.p. I 63- 165° (Fo und: C, 56 · 7; H , 5 · 5; 
N, 37·8. C
7
H
8 4 
requires , 56 ·7 ; H, 5·4 ; N , 37 · 8 %) (n.m.r. 1-40, t, J 7, Me; 3·20, q, J 7, 
CH,; 7 -67, / 7 , 8 6, ls.a 1, H 8; 7·92, d , J 6, H 7; 9 -35, d, JI , H S) and its [1 ,5-c] isomer (30 %), 
described below. 
Pair (If) by method B (76°) gave a mixture, separable by fractiona l recrysta ll ization from ether, 
of (E)· -(l-ethoxypropylidene)· ' -(pyrimidin-4-y l)hydrazine (7) (44 %), colourless prisms of m.p. 
103- 105° (from ether/light petroleum) (Found: C, 55 · 6; H, 7 -3; N, 28 -9. 9 H 14N.O req uires 
,55 -7 ; H,7·3; ,28 ·8%)(n.m.r. 1 ·03 , t,J7, MeofC-Et ; l -27,t, J 7, MeofOEt ; 2-50, q, 
J 7, H
2
ofC-Et ; 4 · 13 , q, J 7, H 2 ofOEt ; 6 · 85, q, J 5 , 6 6, J 2 , 5 1, H 5; 8·25,d, J 6, H 6 ; 8-50, 
d , JI , H 2; 9 -80, br, N H) and its geometric (Z)-isomer as hemihydrate (6 %), colourless ' leaves' of 
m.p.8 1- 83° (fromether/lightpetroleum)(Found : C, 53 · 1; H, 7 · 1; N,28· 0. C9 H,.N.0,0 -5H , O 
requires ,53-2; H , 7 ·4 ; N,27 ·6 %)(n.m.r. 1· 11 , t, J 7, MeofC- t ; 1 ·28,t, / 7, MeofO t ; 
2 ·47 , q , J 7,CH 2 ofC-Et ; 4 · 17, q , J7, H 2 ofOEt ; 6-98,q , J ,. 6 6, J 2 •5 l , H 5; 8·28, d , J 6, H 6; 
8 · 50, d, J 1, H 2; 9 -32, br, H); dehydration of the latter (40°/ 15 mm/ 12 h) gave the anhydrous 
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(Z)-isomer (6), m.p. 80-81 ° (Found: C, 56·1 ; H, 7-6; N, 29·5. C9 H 14N4 0 requires C, 55 -7; 
H , 7 ·3; N, 28·9 %) with the same n.m.r. spectrum. The unseparated mixture (2f) above gave 
by method C the triazolo[4,3-c]pyrimidine (3f) in 72 % yield . 
Pair ( If) by method A (reflux; 20 h) gave 2-ethyl-s-triazolo[/ ,5-c]pyrimidine (Sf) (65 %), m.p. 
54-55° (Found: C, 56·5; H , 5 -4; , 37 ·8. C7H 8 4 requires C, 56-7; H , 5 ·4; , 37·8%). 
N .m.r. l -32, t, J7, Me ; 2·88, q, J7,CH 2 ; 7-73,q,J7 , 8 6, J 5 , 8 1, H8 ; 8 ·23, d,J6,H7, 9 ·65,d, 
J 1, H 5. The same product (5f) was obtained from the intermediate (2f) by method D (acetic acid: 
60 %; fusion at 190° for 30 min : 77 %). Fusion of (2f) at 160° for 3 min, followed by extraction of 
the cooled residue, gave the [4,3-c] i omer (3f) in 80 % yield. Treatment of the triazole (4f) by method 
G (acetic acid; 2 h) also gave the product (Sf) (81 %). 
Dialky l-s-triazolo[4,3-c]pyrimidines and Their [1 ,5-c] i somers 
Pair (lg) by method A (85°; 5 h) gave 5,7-dimethyl-s-triazolo[4,3-c]pyrimidine (3g) (63 %), m.p. 
J 28-130° (from benzene/light petroleum) (Found : C, 56 · 7 ; H , 5 · 3; , 38 · 0. C7 H8 4 requires 
C, 56 -7 ; H, 5·4; N, 37 ·8 %). N.m.r. 2 -40, s, 7-Me; 2-80, s, 5-Me; 7 -58, s, br, H S; 9 ·37, s, H3 . 
lsomerization (method E ; 3 h) thence gave 5,7-dimethyl-s-triazolo[l,5-c]pyrimidine (5g) (75 %), m.p. 
84-85° (Found: C, 57 -0; H , 5 -4; N, 38·0%). N.m.r. 2·48, s, 7-Me ; 2-85, s, 5-Me ; 7 -53, s, br, 
H 8; 8-48, s, H 2. 
Pair (lh) by method A (reflux; 6 h) gave 5,8-dimethyl-s-triazolo[4,3-c]pyrimidine (3b) (66 %), 
m.p. 189- 191 ° (Found : C, 56 -9 ; H , 5 -2; , 37 ·7 %). .m.r. 2·43, s, 8-Me ; 2-80, s, 5-Me; 7 -63, 
s, br, H 7 ; 9 · 40, s, H 3. This gave by method E (I 5 b) the isomeric 5,8-dimethyl-s-triazolo[l ,5-c]-
pyrimidine (5h) (83 %), rn.p. 80-82° (from benzene/light petroleum) (Found : C, 56 -7; H , 5-7; 
N, 38 · 1 %). N.m.r. 2 -43, s, 8-Me ; 2 -83, s, 5-Me ; 7 ·98, s, br, H7 ; 8·53, s, H2. 
Pair (Ii) by method A (reflux; 4 h) gave 3,5-dimethyl-s-triazolo[4,3-c]pyrimidine (3i) (50 %), m.p. 
174-176° (Found: C, 56 -7 ; H , 5-6; , 38 ·0 %). .m.r. 2 -90, s, 5-Me ; 2 ·93, s, 3-Me ; 7 -45, d, 
J 6, H 8; 7 · 68, d, J 6, H 7. This material (3i) by method E (5 h) gave 2,5-dimethy l-s-triazolo[l ,5-c]-
pyrimidine (5i) (60 %), m.p. 79-80° (from toluene/light petroleum) (Found: C, 56 -5; H , 5 -5; 
N, 38 ·0 %), N .m.r. 2 -50, s, 2-Me, 2 -83, s, 5-Me ; 7 · 58, d, J 6, H S; 8- 12, d, J 6, H7. 
Pair (Jj) by method A (reflux; 3 h) gave a mixture, separable by fractional recrystallization from 
ether, of 7,8-dimethy l-s-triazolo[4 ,3-c]pyrimidine (3j) (62 %), m.p. 179- 181 ° (from benzene) (Found : 
C, 56 ·9; H , 5 -2; N, 38 ·0 %) (n.m.r. 2 -40, s, 7,8-Me2 ; 9 · 18, s, br, H5 ; 9-25, s, H3) and its more 
soluble isomer, 7,8-dimethy l-s-triazolo[J ,5-c]pyrimidine (5j) (26 %), m. p. 127- 128° (Found : C, 57 · O; 
H,5· 4 ; N,38·1 %). (N.m.r.2-45,s , 7-Me+ S- Me ; 8 -48, , H2 ; 9 -48,s, HS.) Thelatterwasbetter 
made from the former, or from the unseparated mixture above, by method E (4 h) inc. 70 % yield. 
Pair (I k) by method A (90° ; J 5 h) gave an initial crop of 3,7-dimethy l-s-rriazolo [4 ,3-c]pyrimidine 
(3k) (61 %), m.p. 196- 198° (from benzene) (Found : C, 56 -9 ; H , 5 -5; ,37·6 %). N.m.r. 2·43, s, 
7-Me; 2 · 73, s, 3-Me ; 7 · 43, s, br, H 8 ; 9 · 18, d, J,.8 I , H 5. The crop from evaporation proved to 
be 2,7-dimethy l-s- triazolo[l ,5-c]pyrimidine (5k) (14 %), m.p. 100-101 ° (from benzene/ light petroleum) 
(Found: C, 57 ·0; H, 5·4; N, 38 · 1 %). N .m.r. 2 ·47, s, 7-Me; 2 ·50, s, 2-Me ; 7 -53, s, br, HS ; 
9 · 50, d , J 5 , 8 I , H 5. The latter was better made (in 90 % yield) from the former by method E (5 h). 
Pair (11) by method A (90-92° ; 8 h) gave 3-ethyl-7-methyl-s-triazolo[4,3-c]pyrimidine (31) (56 %), 
m.p. 162- 164° (Found : C,59 · 2 ; H,6· 1; N, 34 ·5. C8 H 10N 4 requiresC,59·2; H , 6 · 2; N, 34 ·5%). 
N.m.r.1 ·38,t,J7,MeofEt ; 2 ·45,s, 7-Me; 3 ·20,q, 17,CH,; 7·53, s,br, HS ; 9·32, d, J ,.s l , 
H 5. Pair (II) by method A (reflux; 8 h) gave, in contrast, 2-ethy l-7-methy l-s-triazolo[/ ,5-c]pyrimidine 
(51) (62 %), m.p. 83- 84° (from benzene/ light petroleum) (Found : C, 59 -4 ; H , 6 · 1; , 34·6 %). 
N.m.r. 1 · 32, t, J 7, Me of Et; 2 -50, s, 7-Me ; 2 -83, q, J 7, CH 2 ; 7 · 55, s, br, H 8; 9 ·52, d, J, .e 1, 
HS. 
Pair (Im) by method A (90°; I h) gave 3,8-dimethy l- -triazolo[4,3-c]pyrimidine (3m) (84 %), m.p. 
170-171 ° (Found: , 56 ·8; H , 5·5; N , 38 · 3. 7 H8 N. requires C, 56·7; H , 5-4 ; , 37 ·8 %). 
N .m.r. 2·43, s, 8-Me; 2 ·72, , 3-Me ; 7 ·67, q, 1 7 ,Mc I , H 7; 9 -10, s, H 5. Jsomeriza tion (method E ; 
5 h) thence gave 2,8-dimethyl-s-triazolo[l ,5-c]pyrimidine (Sm) (63 %), m.p. 91 ° (Found: , 56 ·9: 
H , 5· 5; N, 38 · 2 %). N.m.r. 2 ·43 , s, 8-Me; 2 ·48, , 2-Me; 8·00, q, !, , Mc I , H7 ; 9·43, s, H5 . 
Trimethy l-s-triazolo[4,3-c]pyrimidines and Their [I ,5-c] Isomers 
Treatment of pair (In) by method A (reflux ; 5 h) gave 5,7,8-trimethy l-s-triazolo[4,3-c]pyri111idi11e 
(3n)(50 %),m.p. J98- 200° (Found : ,59 · 1; H, 6 · 2; N, 35 ·0. 8 H, 0 N.requiresC,59·2; H,6·2; 
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, 34 · 5 %) . .m.r. 2 -35, s, 7,8-Me2; 2 -75, s, 5-Me ; 9 -28, s, H 3. This compound (3n) by method E 
(6 h) gave 5,7,8-trimethy l-s- triazolo[I ,5-c]pyrimidine (5n) (65 %), m.p. 80-82° (Found : C, 59 · 6; 
H , 6- 0 ; , 34 · 2%). N .m.r. 2-38, s, 7,8- Me2; 2 -78, s, 5-Me ; 8- 40, s, H 2. 
Pair ( Io) by method A (90°; 4 h) gave 3,5,7-trimethyl-s- triazolo[4 ,3-c]pyrimidi11e (3o) (52 %), 
m.p. 182-184° (Found : C, 59 -3 ; H , 6·4; , 34 ·7 %). N.m.r. 2 · 33 , s, 7-Me ; 2 -85, s, 5-Me ; 2 -88, 
s, 3-Me ; 7 -25 , s, br, H 8. Jsomeriza tion by method E (2 h) gave 2,5 ,7-trimethy l-s-triazolo[/ ,5-c]-
PYrimidi11e (5o) (85%), m.p. 85-87° (from toluene) (Found : C, 59-2; H , 6-3; , 34 · 3 %). N .m.r. 
2 -45, s, 2,7-Me2; 2 -78, s, 5-Me ; 7 -37, s, br, H 8. 
Pai r ( Ip) by method A (reflux ; 6 h) gave 3,5,8-trimethyl-s-triazolo[4,3-c]pyrimidi11e ()p) (77 %!, 
m.p. 118- 120° (Found : C, 58 ·9 ; H , 5 -9 ; , 34 ·7 %). .m.r. 2-33, , 8- Me ; 2-90, s, 3,5-M e2 ; 
7 -48, s, br, H 7. From this material , method E (10 h) gave 2,5,8-1rime1hyl-s-1riazolo[/,5-c]pyrimidine 
(5p) (68 %), m.p. 63-64° (Found: C, 59 -3; H , 6-2; , 34·5 %). .m.r. 2 -40, s, 8-Me ; 2 -50, s, 
2- Me; 2 -78, s, 5-Me ; 7 -93, s, br, H 7. 
Pair (1 q) by method A (reflux; 3 h) gave 3,7,8-trimethyl-s-triazolo[4 ,3-c]pyrimidine (3q) (57 %), 
m.p. 136-139° (from benzene) (Found : C, 59·6 ; H , 6- 3 ; N , 34 ·7 %). N.m.r. 2 -37, s, 7,8-Me2; 
2· 70, s, 3-Me; 9 -00, s, br, H 5. Isomerization (method E; 4 h) gave 2,7,8-tri111e1hyl-s-1riazolo[I ,5-c]-
PY"imidine (5q) (67%), m.p. 82-84° (Found : C, 59 · 5 ; H , 6-5; N, 34·2 %). N .m.r. 2 -40, s, 8-Me ; 
2 -45, s, 2,7-Me2; 9 -35, s, H 5. 
3,5,7,8-Tetraalkyl-s-triazo lo[4,3-c] pyrimidines and Their [/ ,5-c] Isomers 
Pair (1 r) by method A (reflux; 6 h) gave 3,5,7,8-tetramethy l-s-triazolo [4,3-c]pyrimidine (3r) (57 %), 
m.p. 160-162° (from toluene) (Found : C, 61-4; H , 6-8; , 31 ·6. C9 H 12 4 requires C, 61- 3; 
H , 6·9; , 31 · 8 %). .m.r. 2 -27, s, 7,8-Me2; 2 ·83, s, 3,5-Me2 • Jsomerization (method E ; 6 h) 
gave 2,5,7,8-tetramethyl-s-triazolo[l ,5-c]pyrimidine (5 r) (50 %), m.p. 66-68° (from toluene/light 
petroleum) (Found: C, 61 ·O; H , 6 -8; , 31-8%). N .m.r. 2·30, s, 8- Me; 2·37, s, 7-Me ; 2·43 , s, 
2-Me ; 2 -70, s, 5-Me. 
Pair ( ls) by method A (reflux; 8 h) gave 3-ethyl-5 ,7,8-trimethyl-s-triazolo[4 ,3-c]pyrimidine (3s) 
(54%), m.p. 168-170° (Found: C, 63·0; H, 7 -5; N , 29 ·4. C, 0H 14N . requires C, 63· 1 ; H , 7 -4 ; 
, 29·5%). N .m.r. 1 ·40, t, J 7, Me of Et ; 2 -30, s, 7,8-Me2; 2-85, s, 5- Me ; 3 ·27, q , J 7, CH 2. 
This compound (3s) by method E (15 h ; purification by alumina/ethanol , then recrystallization) gave 
2-ethy /-5,7,8-trimethyl-s- triazolo[ l ,5-clpyrimidine (5s) (60 %), m.p. 43-45° (Found: C, 63 · 4 ; H , 7 · 5 ; 
, 29 ·6%). .m.r. J -32, t, J 7, Me or Et ; 2 -40, s, 7,8-M e2 ; 2 · 75, s, 5-Me; 2-83, q , J 7, CH 2 • 
-[2' -(s-Triazo/-3" -yl)ethy lidene]formamide (4a) 
The triazolopyrimidine (3a) or (5a) by method F (5 h) gave the triazolylethy lideneformamide 
(60%),m.p.l39-141 ° (fromwater)(Found : C, 43 -2 ; H , 4 · 5; N, 4O ·5. C 5 H6 40requiresC,43 -5; 
H , 4 ·4 ; N , 4O ·6%) . . m.r. 5 ·77, m, H 2'; 7 -3O,m, HJ '; 8·47,s, H 5"+Hl. 
-[2' -(s-Triazol-3" -yl)ethy lidene]acetamide ( 4b) 
Trea tment of the triazo lopyrimidine (3b) or (5b) by method F (7 h a nd 20 h, respecti vely) gave 
the triazo/y lethy lideneacetamide (c. 80 %), m.p. l 64- 166° (from ethyl acetate) (Found: C, 47 · 5 ; 
H , 5-4 ; N , 36 ·5. C6 H 8N.O requires C, 47 ·4 ; H , 5 -3; N , 36·8%). N .m.r. 2 -13, s, Me ; 5 -73, d, 
J9, H 2'; 7 ·25,m, Hl '; 8·43,s, H 5". 
-[2' -(5"-M ethyl-s-triazol-3" -y /)ethy lide11e ]formamide ( 4e) 
The triazolopyrimidine (3e) or (5e) by method F (6 h) gave the 111e1hy /1riazolylethylide11eforma111ide 
(50-55 %), m.p. J 36-137° (from aq ueous etha nol) (Found: , 47 · 3; H , 5 · I ; N , 37 · l. C6 H 8N. O 
requires C,47 ·4 ; H , 5-3; , 36·8 %). N .m.r. 2·38, s, Me ; 5-60, m, H 2'; 7 · 13 , m, Hl '; 8·33, 
s, H l. 
N-[2' -(5"-Ethy /- s-triazo /-3"-y /)ethy lidene]formamide (41) 
The substrate (3f) or (5f ) by method F (6 h) likewise gave the ethyltriazolylethy lide11eformamide 
(c. 70 %), m.p. 168-170° (from water) (Found : C, 50 -8; H, 6 -4 ; N, 33 · 6. C7 H 10N 40 requires 
, 50 -6; H, 6· 1 ; N,33·7 %). N.m.r. 1·27, t, 1 8, Me; 2 ·77, q, 1 8, H 2 ; 5·7O, m, H 2' ; 7 -23,m, 
HI '; 8 -47,s, HI. 
Jsomerizations Akin to the Dimro th Rearrangement. IV 2515 
N-[2' -(5" -Methyl-s-triazo/-3" -yl)ethylidene]acetamide ( 4i) 
Application of method F (7 h) to the dimethyltriazolopyrimidine (3i) or (5i) gave the methy l-
triazolylethy /ideneacetamide (4i) (79 %), m.p. 204-205° (from wa ter) (Found : C, 50 -7; H , 6 · l ; 
N , 33-9. C7 H, 0 N,O requires C, 50-6 ; H, 6 · l ; N, 33·7 %). .m.r. 2· 10, s, Ac; 2 -38, s, 5"-Me ; 
5 -63, d, 19, H 2'; 7 -18, m, H 1'; 10 -83, br, 1-NH . 
Rate Measurements 
Each triazolopyrimidine (c . 2 -08 x 10- 5 mol) was weighed accurately in a microanalyst 's dispos-
able a luminium combus tion boat (4 by 4 by 12 mm ; c. 8 mg). The boat and contents were added 
to a 250 ml volumetric flask a lmo t filled with appropriate buffer,14 e.g. pH 4, preheated to, and 
maintained at, the required tempera ture, e.g. 25°. The flask wa stoppered , shaken to ensure rapid 
dissolution of the solu te, fil led to the mark wit h extra preheated buffer , and shaken again. Samples 
were withd rawn at suitable intervals and each was ana lysed spectrometrically at a predetermined 
wavelength. 
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